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A IMIA is a reduction below normal of the capacity of the blood to transport 
the oxygen necessary for all animal life. The body tissues must be sup- 
plied with many times as much oxygen as ean be carried in physical solution 
in the plasma. The hemoglobin normally present (15 to 16 gm. per 100 ¢.c. of 
blood) increases one hundred times the power of the blood to transport oxygen 
hy carrying it in chemical combination. This amount of hemoglobin in solution 
in the circulating blood would greatly increase the osmotic pressure of the 
plasma beyond that of the surrounding tissues and so dehydrate the tissues. 
Hemoglobin in a red cell is outside the plasma, does not affect the osmotic 
pressure, and yet functions efficiently as an oxygen carrier since absorption and 
release of oxygen is as efficient as if the hemoglobin were in solution in the 
plasma. The red cell is thus simply a container’ for the necessary hemoglobin 
and funetions as a cup on an endless-chain conveyor. It is normally filled with 
hemoglobin and is constantly making round trips from the lungs to the tissues. 
This coneeption of the funetion of the red cell applied to the different labora- 
tory types of anemia is illustrated in Fig. 1. In addition to thinking of the 
red cell as a cup on an endless-chain conveyor, we should also visualize the total 
mass of circulating red cells as a vessel containing hemoglobin. The size of this 
vessel varies enormously in blood dyscrasias affecting the red cell as illustrated 
in Fig, 2. 

The problem of anemia is primarily concerned with hemoglobin and _ its 
carrier, the red cell. The span of life of a red cell averages thirty days. 
About a trillion red cells are formed and destroyed each day since the num- 


*From the Cleveland Clinic. 
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ber normally in the circulation shows little variation. The life history of the 


erythrocyte is shown in Table I. To form red eells, nonspecific substances 


Fig. 1.—Schematic illustration of red cel's functioning as units (cups) on an endless- 
chain conveyor. A, Normal red cells. B, Red cells of normal size partly filled with hemoglobin 
(normocytic, hypochromic anemia). C, Small red cells completely filled with hemoglobin 
(microcytic, hypochromic anemia). D, Small cells, partly filled with hemoglobin (microcytic, 
hypochromic anemia). 2H, Large cells, completely filled with hemoglobin (macrocytic, hyper- 
chrome anemia). F, Large cells containing a normal amount of hemoglobin (macrocytic, 


normochromic anemia). 
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Fig. 2.—Variation in total mass of circulating red cells in various conditions. The circle in- 
dicates the relative volume of the unit of mass (the red cell) in each instance. 


necessary for building all cells are needed. These are protein, fat, carbohy- 
drate, water, vitamins, and mineral salts. Two specific substances are also 
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required, the iron necessary for hemoglobin formation and the substance sup- 
plied by liver and liver substitutes necessary for the maturation of red cells. 
To evaluate an anemia, we must understand red cell formation in the marrow, 
know the level of circulating elements, and visualize the rate of red cell and 


hemoglobin destruction. 
TABLE I 


Lire HISTORY OF THE ERYTHROCYTE 
SUBSTANCES necessary for all cell life and growth 


ENDOTHELIAL CELL —> MEGALOBLAST 


Factors necessary for change unknown. 


MEGALOBLAST — NORMOBLAST 


Erythrocyte maturing factor (EMF) in liver and liver 
substitutes necessary for change. 


Some multiplication at megaloblast stage. 


NORMOBLAST ————> RETICULOCYTE——~ MATURE ERYTHROCYTE 


Multiplication most active at normoblast stage. 
Iron necessary for normal division and growth of 
normoblast and formation of hemoglobin. 


MATURE ERYTHROCYTE — BLOOD STREAM 


Lives two to six weeks in circulation. 


Dies by fragmentation and is engulfed by reticulo- 
endothelial cells largely in the spleen. 


End products 
Iron Bilirubin 


Certain indicators of red cell activity are necessary to evaluate the forma- 
tion, circulation, and destruction of red cells. The red cell count and the 
hemoglobin content record only the balance between red cell formation and 
red cell destruction. Young red cells have the property of staining with cer- 
tain dyes before they are fully matured. The number of reticulocytes or 
young cells which take this stain is an index of the rate of production of red 
cells ready to function in the blood stream or at least the rate of delivery of 
such cells from the marrow. The marrow may be hyperplastic or hyperactive 
with a low reticulocyte count in the circulation if the delivery of cells from 
the marrow is impaired. If the reticulocyte count in the circulation is high, 
the marrow is necessarily hyperplastic; if below normal the marrow may be 
aplastic, hypoplastic, or hyperplastic. 

When a red cell is destroyed, hemoglobin is set free, iron is split off from 
the hemoglobin molecule, and bilirubin is formed as the end product of the 
pigment metabolism. Bilirubin so formed is adsorbed by protein and is not 
easily exereted by the kidney. The capacity of the liver cells to excrete 
bilirubin so formed is also quickly exceeded, so an excessive destruction of 
red cells and hemoglobin is soon reflected in an increased bile pigment con- 
tent of the plasma. In the absence of biliary obstruction and liver disease, 
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the amount of bilirubin present in the plasma is an indicator of the rate of 
red cell and hemoglobin destruction. <A correlation of the bilirubin content 
of the plasma and the reticulocyte level is shown in Table IT. 

TABLE IL 


RELATION OF BLOOD FORMATION AND DESTRUCTION TO BILIRUBIN AND RETICULOCYTE LEVEL 


BILIRUBIN 


RETICULOCYTE COUNT _ 


CONTENT INCREASED NORMAL «DECREASED 

(ICTERUS INDEX) (OVER 1.5%) (0.5-1.5% ) (UNDER 0.5%) 
Increased Increased blood destrue-|Increased destrue-|I[nereased destrue- 
(over 6 units) tion with active bone| tion without good mar-| tion with inactive bone 
marrow row response marrow or impaired 

delivery of red cells 

Normal Active bone marrow with-|Decreased marrow with-|Decreased formation or 
(4-6 units) out excessive destruc-| out excessive destrue-| impaired delivery of 
tion tion of red cells red cells without ex- 


cessive destruction 


Decreased Decreased destruction of Decreased destruction of Decreased destruction of 
(under 4 units) | hemoglobin due to iron| hemoglobin. Decreased) hemoglobin. Decreased 
deficiency; active cell; formation of hemo-| formation of hemoglo- 


formation in marrow globin; normal cell} bin. Decreased ce!! 
| formation in marrow formation in marrow 
| | or impaired delivery of 
cells 


If all elements necessary for red cell formation are deficient, the marrow 
cannot make the normal number. of cells at the normal rate. The marrow 
functions at a low rate of speed but such cells as are delivered into the 
circulation are usually normal. The two specific elements, iron and erythro- 
cyte maturing factor (EMF), are necessary if the marrow is to make a normal 
cell with a normal complement of hemoglobin. As the red cells develop in 
the bone marrow, they multiply actively at the megaloblast stage but are 
not ready for delivery from the marrow until completed by a_ substance 
formed by the interaction of a secretion of the stomach (the intrinsie factor 
of Castle) on food elements (the extrinsie factor of Castle) and stored in the 
liver. This substance has been designated by many names, as ‘‘liver prin- 
ciple,’’? the ‘‘antianemie principle of Castle,’’ the ‘‘pernicious anemia prin- 
ciple,’’ and ‘‘antimegalocyte principle.’’ Its fundamental action is to mature 
the red cell, or prepare it for emergence from the marrow, so we have desig- 
nated it erythrocyte maturing factor (EMF). Since it is always necessary to 
know, in studying an anemia, whether there is a sufficient supply of this essen- 
tial factor, we must have some indicator of its lack. The cell to which this 
substance (EMF) is supplied becomes smaller so a decrease in volume of the 
cell is characteristic of the maturation effected by the erythrocyte maturing 
factor and a macrocytosis is indicative of its lack. While a macrocytosis is 
usually an indicator of a deficiency of the erythrocyte maturing factor (EMF), 
cells of increased size may be due to other causes. A hyperplastic marrow, 
overactive in response to a great demand for red cells, may deliver red cells 
larger than normal. These are large because of rapid removal from the 
marrow before maturation is complete rather than a lack of erythrocyte 
maturing substance (EMF). Thus the hyperplastic marrow in response to 
rapid destruction of red cells in phenylhydrazine poisoning or in spherocyti¢ 
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jaundice may deliver macrocytie cells. A chronic hyperplasia of marrow in 
response to increased cell loss usually leads in time, however, to the formation 
of cells smaller than normal. Iron is the second specific element necessary for 
normal red cell formation. Without iron, hemoglobin cannot be formed. It is 
most probable also that iron stimulates the growth and multiplication of red 
cells at the normoblast stage where division is most active. With a decrease 
in the normal amount of hemoglobin in the blood, there is first a decrease in 
the concentration of hemoglobin in the red cells or decreased color index. 
Since there is no value in having red cell stroma without hemoglobin to fill 
it, if the color index continues low, the cells become smaller and the volume 
index decreases. The hypochromia shown by the lessened color index and 
volume index is a measure of the lack of iron. 


Thus we have accurate indicators to show the balance between red cell 
formation and cell destruction (the red cell count and hemoglobin content), 
the rate of destruction of red cells (the icterus index), the rate of regeneration 


TABLE III 


MEASURES OF RED CELL ACTIVITY 


FACTOR INDICATOR 


Balance of red cell and hemoglobin formation | Red cell count and hemoglobin content j 
and destruction 

Rate of destruction of red cells Level of bile pigment in plasma 

Rate of regeneration of red cells Level of reticulocytes in circulation 

Deficiency of iron Hypochromia and microcytosis of red cells 

Deficiency of erythrocyte maturing factor | Macrocytosis of red cells 
(EMF) 


TABLE IV 
RELATION OF BLOOD FINDINGS TO RED CELL FORMATION AND DESTRUCTION 


number of reticulocytes, basophilia, nucleation. 

Slight increase in mean erythrocyte volume if reticulocy- 
Active bone marrow 4 tosis is marked. Often an increase in leucocytes and 
platelets unless destruction is more active than normal. 
{ The number of cells is increased 


p Decrease or absence of reticulocytes, basophilia and nuclea- 
; tion. If blood destruction is normai or increased, the cell 
count decreases 


Inactive bone marrow 


pinerease in bilirubin content of plasma; decrease in number 
: of cells unless compensated for by increased marrow ac- 
tivity 


Increased red cell and he- 
moglobin destruction 


Decreased hemog 


lobin destrue- 
tien | Decrease in bilirubin content of plasma 


erythrocyte { Anemia with increase in mean erythrocyte volume (increased 
turing factor (pernicious- volume index) 
anemia ) l 


Deficiency in iron (iron defi- ¢ Anemia with hypochromia of red cells (decreased color index) ; 
cieney anemia; chronie hem- microcytosis (decreased volume index) if hypochromia con- 
orrhagie anemia) l tinues 


; Anemia with increased icterus index; reticulocytosis if marrow 


Hemolyti j : 
t responds to increased need 


Anemia due to decrease in 
amount or activity of mar- 
row (aplastic or hypoplastic 
anemia ) [ 


Anemia with cells of normal size and hemoglobin content; 
decrease in reticulocytes 
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or delivery of red cells (the reticulocyte count), the lack of the erythrocyte 
maturing factor or EMF (macrocytosis), and a deficiency of iron (hypochromia 
and microcytosis) as tabulated in Table III. I have deseribed elsewhere the 
technic of the blood examination to supply such data.” A careful laboratory 
study is first necessary in every anemia to furnish the data outlined above. 
From the laboratory examination the anemia is classified on the basis of the 
number, size, and hemoglobin content of the mean red cell.2 These studies 
are illustrated in Fig. 3. The relation of the blood findings to red cell forma- 
tion and destruction is shown in Table IV. 


Cells wi iliant 
14) 
Reticulocytes j2 Normal .Mmore young red cells than normal 


Less Than 


are getting into the circulation . 


4 \f very low, less young red cells than 
2 "a normal are getting into circulation . 


jin percent] 


a 4 a Determined by Comparison of Color of 
kterus Normal Serum with a solution of K,Cr,07 
Index 2| [4-6] A high index shows increased hemoglobin 
{in units destruction. [If no biliary 
low index shows decreased hemoglobin destruction . 
Calculated from Red Cell Count and Hematocrit 
Normal Volume and Hemoglobin Determinations . 
and Color Index © A high volume index © high color index 
indi indicates nin 
fe Men and 


A low index indicates A low color index — 
® cells smaller than © indicates cells containing 
Index normal . less hemoglobin than 
normal . 


60 Normal for 
Red Cells in 29) Determined by Direct Counting 
40] Men ome 
Millions 


Mens Determined by Hematocrit Reading in cc 
0 n and Hemoglobin in grams per \00cc blood. 
Packed Indicates incomplete filling of cells ; 

Cells and with hemoglobin . 
Hemoglobin Saturation Index shows the filling 
in per cent or saturation of the red cells in I 
Normal felation to normal. must be a 
1.00 or less. d 
Fig. 3.—Study of blood and interpretation of findings in anemia. ( 
0 
Since an anemia represents a loss of balance between red blood cell forma- n 
tion and destruction, an anemia can result only from increased blood loss t 
without a compensating increase in blood formation, by decreased formation t 
with a normal or accelerated blood loss, or by a combination of increased n 
blood loss and decreased formation. A clinical classification of anemia on the T 
a 


basis of method of production with the more important clinical causes is given 
in Table V. In every anemia it is necessary to make both a laboratory and 
clinical classification. 
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TABLE V 


CLINICAL CLASSIFICATION OF ANEMIA 


I. Increased blood loss 


1. Mechanical loss from hemorrhage 
2. Accelerated red cell destruction by: 

a. Hemolytic agents (as phenylhydrazine or bacterial toxin) 

b. Rapid red cell removal from an abnormality of cell shape (as congenital 
hemolytie icterus), overactivity of reticulo-endothelial system, or defect in cell 
structure 


II. Decreased blood formation 


1. Quantitative decrease in red marrow from aplasia as in benzol poisoning, or 
crowding out of erythrogenic tissue as in leucemia or myeloma 

2. Quantitative depression of marrow activity as by malignancy, hypometabolism, 
chronic toxemia such as nephritis or cachexia 

3. Qualitative decrease in marrow activity from deficiency of specific substances 
necessary for normal marrow activity 
a. Deficiency in supply, absorption, or use of erythrocyte maturing factor (EMF) 

as in pernicious anemia or sprue 

b. Deficiency in supply, absorption, or use of iron as in chronic hemorrhage, 

dietary lack, and idiopathic hypochromie anemia 


With a careful study of the blood and determination of each of the indi- 
eators of red cell activity, a clinical study of the patient and a clinical classi- 
fication of the anemia, the different types of anemia can be visualized by 
means of diagrams. In each diagram, the blood is depicted in relation to the 
three phases of the red cell, viz., (1) formation, (2) circulation, and (3) 
destruction. The fundamental fault in the production of the anemia is ap- 
parent in such a diagram, so the point of attack in treatment is evident. 
In Fig. 4, the normal cell is shown in relation to formation, circulation, 
and destruction. The bone marrow is thought of as a gristmill with three 
hoppers supplying materials for making red cells. One hopper supplies the 
nonspecific elements and the other two the specific elements. Normally, the 
hoppers are full. The level in the mill indicates the relative fullness of the 
bone marrow. To maintain the normal balance between formation and de- 
struction, nearly one trillion cells and 25 gm. hemoglobin must be formed 
daily. In the circle showing the normal circulation are 100 red cells with one 
reticulocyte. The cells are of normal size and hemoglobin content. The nor- 
mal findings are shown below the circle. Old red cells are taken out by the 
reticulo-endothelial cells, largely those of the spleen. If the blood count re- 
mains constant as it normally does, the same number must be taken out as 
are delivered to the blood stream by the marrow. As the hemoglobin is 
destroyed, iron is split off. Some of the iron is excreted but the larger part 
(85 per cent) is returned to the marrow to be used again. The end product 
of hemoglobin destruction is bilirubin which is excreted by the liver. The 
normal amount of bile pigment and iron formed is indicated by the level of 
these substances in the containers in which they are received. We think of 
the mill as funetioning at a constant rate of speed so as to supply the same 
nuniber of cells with the same hemoglobin content as are destroyed each day. 
The normal mean elapsed time between the beginning of formation of the cell 
and the ultimate disposal of it is thirty days. 


Every anemia can be illustrated by such a diagram. In Fig. 5 is shown 
the red cell mechanism immediately after a large hemorrhage from the uterus. 
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The cells remaining in the circulation are normal and the process of formation 
and destruction is unaltered. This state persists for only a short time, how- 
ever, after the hemorrhage, when there is increased activity of the marrow 
to compensate for the blood lost. The icterus index falls (2 units) and the 
amount of bilirubin and iron set free decreases, and the picture is now one 


NORMAL RED BLOOD CELL 


FORMATION 


CIRCULATION 


Twenty-five trillion red cells in blood 
stream. Each cell during its life, makes 
50000 to 109000 complete circuits from 

conveyor 


TRUCTION 


NORMAL ADULT | tween red cell and hemoglobin for- 


Old red cells taken out by reticulo- 
Red cells formed largely in ribs, | se endothelial cells, largely those of 
skull and vertebrae © 
Total normal volume of marrow 
iS 1400 cc Normal color is greyish 


red 

For red cell formation, non-specific 

substances necessary for all cells 

are required as well as two specif- 
ic substances, iron and the erythro- 
cyte maturing factor (fF) 

One trillion cells and 25 gms. NB. 
formed each d 

Rate of formation measured by re 
ticulocyte percentage in circulation 
Normal life of red cell about 50 days 


released and bile pigment formed 
Only clinical laboratory measure is 
icterus index or quantitative Van 
den Bergh 


RBC 5.0 Million 

100%, (15.4.gms) 
Volume Index 100 -(90 cubic microns) 
Color Index  1.00-(3i2 micromicrogram9 
Saturation index 1.00-(347%) 

leterus index 46 units 
Reticulocytes 05- 10%, 


Eighty-five percent of iron released returns to marrow to be used again 


Fig. 4.—Normal red cell physiology. 


of an iron deficiency anemia, shown in Fig. 6, where there is a defect in the 
supply of iron to the marrow with the result that the cells are small (volume 
index 0.067) and have a decreased hemoglobin content (color index 0.4). The 
therapeutic indication is to stop the blood loss and supply an adequate amount 
of iron. 
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5.—Physiology of red cells after an acute hemorrhage. 
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Fig. 6.—Physiology of red cells after a chronic hemorrhage. 
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In Fig. 7 is illustrated the red cell mechanism in an anemia due to exces- 
sive hemolysis resulting from the improper use of phenylhydrazine. This 
patient was given this drug on the basis of a wrong diagnosis of polyeythemia 
vera. The polycythemia was a symptomatic one since the blood volume was 
normal. When first seen, the patient had a well-marked anemia (hemoglobin 
58 per cent) with a high icterus index (25 units) and a high reticulocyte 
count (10.3 per cent). The bone marrow here is overactive and increased in 
volume as indicated by the reticulocytosis to compensate for the excessive red 
cell destruction. The supply of building materials is normal. The cells dam- 
aged by the phenylhydrazine are rapidly removed from the circulation so the 
spleen is overactive and larger than normal. The output of iron and bile 
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Fig. 7.—Physiology of red cells with excessive destruction by a toxic substance. 


pigment is necessarily greater than normal. In this patient the primary dif- 
ficulty is the damage to the red cells in the circulation, so the therapeutic 
indication is to stop the cell damage. There is no need for iron, liver prepara- 
tions, or marrow stimulation unless the process has proceeded to the point of 
exhaustion. In this instance, after the action of the drug was past, the spleen, 
icterus index, the reticulocyte count, the red cells, and hemoglobin all returned 
to normal. 

In Fig. 8 is shown the red cell mechanism in congenital hemolytic icterus 
and spherocytie jaundice. This patient had a well-marked anemia with a high 
icterus index (15 units) indicating excessive blood destruction and a high 
reticulocyte count (10.8 per cent) showing good marrow response. The supply 
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of building materials is ample so the hoppers are full and the active marrow 
is fuller than normal. The fundamental difficulty in this disease is an anatomic 
defect in the shape of the red cells which are spherocytie rather than normal 
biconeave disks. As a result of this abnormal shape the cells are more fragile 
than normal* and are rapidly removed from the circulation by the spleen 
which is enlarged as a result of the increased activity. More iron and bilirubin 
than normal are poured out. Here the average length of life of the red cell is 
a few days instead of the usual thirty days. There is a rapid stream of cells 
from the site of origin, the bone marrow, to the place of destruction, the 
spleen. We cannot correct the anatomic defect so the patient is treated by 
removing the filter. The abnormally shaped cells function normally if allowed 
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Fig. 8.—Physiology of red cells with excessive filtration by spleen (spherocytic anemia). 


to remain in the cireulation. The anemia, reticulocytosis and jaundice all 
disappear after splenectomy, showing that the increased activity of the spleen 
is the cause of the anemia although the fundamental defect is in the bone 
marrow. 

Sickle-cell anemia, shown in Fig. 9, has much in common with spherocytie 
anemia (congenital hemolytie icterus). Here, also, there is a fundamental 
defect in the marrow with the delivery of cells of abnormal shape and probably 
with a greater tendency to fragment. The supply of building material is 
adequate, the marrow is overactive as shown by the reticulocytosis, and red 
cell destruction is excessive as shown by the increased icterus index. The 
splecn is enlarged at least early in the disease due to overactivity in removing 
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excessive numbers of abnormal cells from the circulation. Splenectomy helps 
the anemia® ® but here the result differs from that seen in spherocytie anemia 
in that the patient continues to have some anemia after removal of the spleen. 
The increased cell destruction and formation also continue so the excessive 
activity of the spleen cannot be the sole cause of the anemia. It is most 
probable that the red cells fragment more easily than normal and this frag- 
mentation continues after splenectomy. There is no treatment for this phase 
of the disorder. Splenectomy removes only one factor in the anemia. 

Fig. 10 illustrates the anemia due to marrow aplasia caused by the pro- 
longed use of arsphenamine. The amount of functioning marrow tissue is 
decreased. In this instance the blood examination shows a marked anemia 
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Fig. 9.—Physiology of red celis with excessive filtration by spleen (sickle-cell anemia). 


with cells of normal size (volume index, 0.97) and hemoglobin content (color 
index, 1.02). The reticulocyte count is very low (0.2 per cent). The marrow 
is at a low level as indicated by the low red cell, white cell, reticulocyte, and 
platelet counts. The mill is greatly decreased in size although the supply of 
raw material is ample. There is less destruction of cells so the iron and bile 
pigment output are much below normal. It is apparent that this anemia can 
be treated only by measures designed to improve the size and function of thie 
marrow. In this instance the marrow was permanently damaged and tlie 
patient finally died of the anemia. 


Another type of anemia due to marrow deficiency is illustrated in Fig. 11. 
This is a myeloid leucemia with a marked anemia (hemoglobin 42 per cei). 
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Fig. 10.—Physiology of red cells when formation of cells is decreased by aplasia of marrow. 
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Fig. 11.—Physiology of red cells where the formation of red cells is diminished by crowding 
out of erythrogenic tissue. 


Volume Index 
Color index loz Normal») 

Protein 
Fat fr 

“Liver Principe <— Stream ——+ 

—J Vey SS A and léss bile pigment is formed 
° 
Ges | 

@ 


452 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


Here the marrow is full, but the increase in size is due to the hyperplasia of 
myeloid tissue at the expense of erythrogenic tissue, so there is a great decrease 
in red-cell-forming tissue and a consequent anemia. The spleen is also en- 
larged from infiltration of myeloid tissue and not from overactivity due to 
excessive cell destruction. There is less red cell destruction and so less iron 
is set free and less bile pigment formed. Here again, the indication for treat- 
ment of the anemia is to decrease the mass of myeloid tissue in the marrow 
by radiation or medication to make room for the erythrogenic tissue. The red 
cell count often reveals more in leucemia than the number of white cells as it 
gauges the state of hyperplasia of the marrow which is more important than 
the white cell count. 


RED CELLS IN ANEMIA DUE TO QUANTITATIVE 


DEPRESSION OF MARROW ACTIVITY 
AS BY TOXEMIA FROM CHRONIC NEPHRITIS 
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Fig. 12.—Physiology of red cells when the function of marrow is slowed up. 


Instead of a quantitative decrease in erythrogenic tissue, the total amount 
may be unchanged but the function be quantitatively depressed. This type of 
mechanism is shown in Fig. 12. It is responsible for many cases of anemia 
such as malignancy, infections, toxemia, and hypometabolism. We can best 
visualize this mechanism by thinking of it as normal except for the speed with 
which the apparatus works. It is greatly slowed up, although the supply of 
building material is normal. Such cells as are turned out are normal and !ess 
cells are disposed of. The total number circulating is decreased. The time 
interval between the beginning of cell formation and the end of cell destruc- 
tion is increased to varying degrees just as it is decreased in spherocytic 
anemia or sickle-cell anemia. 
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The anemias due to a defect in supply of building material are most im- 
portant especially since the lack can readily be supplied. It is in this group 
that the greatest advances in treatment have been made in recent years. The 
mechanism of development is now well understood. In Fig. 13 is illustrated 
the red cell mechanism in an anemia due to a defect in supply to the marrow 
of the erythrocyte maturing factor (EMF) furnished by the liver and liver 
substitutes. The anemia I have shown is a typical pernicious anemia. The 
mechanism is the same in sprue and similar disorders in which the macrocytic 
anemia occurs. This whole group should be designated the erythrocyte-matur- 
ing-factor (EMF) deficiency anemias. Pernicious anemia is the most impor- 
tant of the group. The patient cited during the active phase of the disease 
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Fig. 13.—Physiology of red cells when building materials are deficient (pernicious anemia). 


had the macrocytosis of red cells (volume index, 1.29) characteristic of such 
a deficiency. The marrow in active pernicious anemia is shown by marrow 
puncture and necropsy studies to be hyperplastic, but very few cells are de- 
livered to the blood stream so the reticulocyte percentage is low (0.5 per cent). 
The bile pigment of the plasma is high (icterus index, 10 units), indicating an 
excessive destruction of red cells which in pernicious anemia takes place in 
the marrow and not in the circulating blood or reticulo-endothelial system. 
The output of iron is high. Here the therapy is evident. It consists in sup- 
Plying adequately the deficient erythrocyte maturing factor by giving liver, 
gastric tissue, or liver concentrates. 

The mechanism in an anemia due to a deficient intake or impaired assimi- 
lation of iron is shown in Fig. 14. The mechanism is similar to that already 
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shown in a chronic hemorrhagic anemia (Fig. 5) .except for the mechanical 
loss of iron in the hemorrhage. In such an instance there is also an iron 
deficiency anemia due to the loss of iron more rapidly than it is normally 
supplied by food. If sufficient iron is given, the“hemorrhage may continue, 
but the anemia is relieved so long as the marrow is able to stand the added 
strain. The bone marrow has to cope with the same deficiency if there is a 
defect in assimilation so the iron taken in does not reach the marrow. This 
is the condition in idiopathic hypochromic anemia. In the example cited, 
insufficient iron has been taken in. The marrow in this instance is hyper- 
plastic in an attempt to compensate, but such red cells as do get out are small 
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Fig. 14.—Physiology of red cells when building materials are deficient (iron deficiency anemia). 


(volume index, 0.75) and deficient in hemoglobin (color index, 0.67). ‘The 
low volume and color index indicate the iron deficiency. Here there is much 
less destruction of hemoglobin so very little iron is set free and the bile 
pigment content of the plasma is less than normal (icterus index, 2 units). 
Again the therapy of the anemia is clearly indicated from the diagram. It 
consists in filling the iron hopper by providing an adequate supply of iron. 

If an organ does not receive an adequate supply of a necessary factor, a 
deficiency necessarily develops. Under certain conditions an organ may re- 
ceive a necessary factor and for some reason not use it so a deficiency state 
results just as if the factor were not supplied. The conditions influencing ‘he 
use of nutritional factors in general have been discussed elsewhere.?, We may 
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Fig. 15.—Physiology of red cells when the marrow is unable to utilize the erythrocyte maturing 
factor (EMF) normally. 


RED CELLS IN ANEMIA DUE TO QUALITATIVE 
DEPRESSION OF MARROW ACTIVITY 
AS IN LEAD POISONING : 


FORMATION CIRCULATION DESTRUCTION 


In certgin cases the utilization 
Of ‘ron ih the marrow, although 
present in normal amounts, 


Mig. 16.—Physiology of red cells when the marrow is unable to utilize iron normally. 
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find the clinical and laboratory picture of a deficiency anemia even though 
an adequate amount of iron and erythrocyte maturing factor be supplied to 
the marrow. 

It is well known that myxedema may show the typical blood picture of 
pernicious anemia. Such a state is illustrated in Fig. 15. This patient had 
an anemia with a mild macrocytosis in myxedema. The defect is in the nor- 
mal completion of the red cells just as it is in idiopathic pernicious anemia. 
In such a ease, the addition of thyroid extract alone should relieve the anemia 
since the marrow can then use the erythrocyte maturing factor (EMF) al- 
ready supplied in adequate amounts. 

It is quite common to encounter an iron deficiency anemia which will not 
respond to adequate dosage of iron. There seem to be many more extraneous 
factors influencing the use of iron by the marrow than of the erythrocyte 
maturing factor. The example cited in Fig. 16 is the case of a patient with 
lead poisoning. The giving of iron does not influence the anemia, although 
the laboratory findings of low volume and color index are characteristic of 
an iron deficiency anemia. The lead seems to prevent the normal utilization 
of the iron by the marrow, so treatment must first consist of removing the 
influencing factor before iron is given. The findings here are exactly like 
those shown in chronic hemorrhagic anemia (Fig. 6), and an anemia due to a 
deficient intake of iron (Fig. 14). The laboratory findings indicate the funda- 
mental defect so far as the marrow is concerned but do not show whether the 
marrow defect is due to excessive loss, deficient intake, or impaired utilization 


of iron. 


SUMMARY 


In every case of anemia, the rate of red cell formation and delivery from 
the marrow, the rate of destruction, and the balance between these two factors 
must be determined. 

Measures are available for gauging accurately the state of the marrow 
and all important factors in red cell activity. 

The anemia must be studied and elassified from both the elinical and 
laboratory standpoints. 

Red cell formation, circulation, and destruction in all the common anemias 
are illustrated by diagrams. 
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THE QUANTITATIVE RELATIONSHIP OF COMPLEMENT TO 
HEMOLYSIN: ITS DIRECT APPLICATION IN THE 
SERODIAGNOSIS OF SYPHILIS* 


JouN Koopman, AND I. Davin Faker, New York, N. Y. 


ITE quantitative relationship of complement to hemolysin is of more than 

academic importance. It has a direct bearing upon the accuracy and con- 
sistency of all complement fixation tests. It is also the fundamental factor 
needed to solve the problem of the effect of the natural hemolysin in patients’ 
serums on complement fixation results, 

The experiments outlined in this paper demonstrate the facet that in com- 
plement fixation reactions an excess of one reagent does not compensate for a 
deficieney of the other, and any method which is based upon the theory of eom- 
pensation cannot produce reliable or consistent results. 

A titration which is useful in disclosing the relationship existing between 
complement and hemolysin is shown in Table I. 

This titration is planned so that various amounts of complement from a 
minimum (0.01 ¢.e.) to a maximum (0.1 ¢.¢.) are allowed to act with various 
amounts of hemolysin from a minimum to a maximum. The effect desired will 
be more clearly shown if the complement and hemolysin are diluted, so that each 
solution contains one unit in a volume of 0.1 ¢.c. The cells are a 5 per cent 
suspension and 0.1 ¢.c. is used in each tube. The total volume is 0.5 e.e. 
This titration should be allowed to remain in the water-bath at 37° C. for at least 


one hour, TABLE 1* 


HEMOLYSIN | COMPLEMENT 
0.01} 0.02} 0.03 | 0.04} 0.05 | 0.06! 0.07 | 0.08 | 0.09| 0.1 | 
0 0 0 0 ai) 


@ | @ 0.01 
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9.05 
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0.09 
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0, No hemolysis. 
10, Complete hemolysis. 


Assigning arbitrary figures to the amount of hemolysis obtained from zero 
up to 10, which represents complete hemolysis, it will be seen that 0.01 ¢.c. of 
conlement does not produce any hemolysis, regardless of the amount of hemoly- 
sin used. With 0.02 ¢.c. of complement the first trace of hemolysis appears with 
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0.05 ¢.c. of hemolysin and the maximum for this amount of complement is ob- 

tained with 0.07 ¢.c. of hemolysin. Any additional hemolysin has no effect what 
soever. The same thing holds true with small amounts of hemolysin and _ in- 
creasing amounts of complement. It will also be seen that with a small amount 
of complement, the maximum amount of hemolysis possible is reached with rather 
small amounts of hemolysin. When larger amounts of complement are used, 
larger amounts of hemolysin must be added in order to obtain maximum hemol- 
ysis. This also is true when the amounts of complement and hemolysin are 
reversed. The fact that a small amount of complement in the presence of a large 
amount of hemolysin produces as much hemolysis as a small amount of hemolysin 
and a large amount of complement, has led to the theory that a lack of either 
reagent may be compensated for by an excess of the other. 

In 1904 Morgenroth and Sachs‘ claimed that a reduction of the amount of 
complement necessitates an inerease in the amount of hemolysin. This has 
given rise to the theory of compensation. The fallacy of this theory can be 
readily seen if a comparable reaction in inorganic chemistry is considered. 
Five cubie centimeters of a molar solution of sodium chloride and 10 e.c. of a 
molar solution of silver nitrate will produce exactly as much precipitate of silver 
chloride as will 10 ¢.c. of silver nitrate and 5 ¢.ec. of sodium chloride; but no- 

A body would claim that an excess of silver nitrate will compensate for a deficiency 
of sodium chloride. The same explanation applies when equal amounts of he- 
molysis are obtained with an excess of complement and a deficiency of hemolysin 
or vice versa. In both instances the amount of hemolysis obtained is determined 

and limited by the reagent which is present in least amount. 


Considering the above titrations again, it will be seen that in all tubes 
where the amounts of complement and hemolysin are equal, the maximum amount 
of hemolysis is not obtained, because when either reagent is increased, while the 
other remains constant, more hemolysis takes place. When the amount of both 
reagents is large, such as in a tube which contains 0.07 ¢.c. of each, a large in- 
crease of either is necessary in order to obtain the maximum amount of hemoly- 
sis possible. It may also be necessary to add considerably more cells in order to 
find an end-point. If this is not done the tube may quickly show complete 
hemolysis, not because the reaction has reached completion, but because in- 
sufficient cells are present to show how much more hemolysis the reagents really 
could produce. 

This titration shows that neither reagent produces its maximum effect un- 
less it is forced to do so by an excess of the other. Furthermore, an amount 
of complement which could be considered an excess when used with a small 
amount of hemolysin is not an excess when used with a large amount of hemoly- 
sin, 

The amount of hemolysis produced in a tube which contains almost equal 
the amounts of complement and hemolysin cannot be used to estimate the 
strength of either reagent, because the action is not complete. 

The reaction here is similar to the action of a weak acid and a weak base. 
Such a reaction is reversible. An excess of one reagent is necessary in order 
to drive the reaction to a completion, and unless this is done the product of the 
reaction cannot be used as an indication of the amount of either reagent. 


‘ 
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In complement fixation tests the essence of the reaction is the exact estima- 
tion of the amount of complement which should be used and an exact estimate 
of the amount specifically fixed. 

A dependable estimate of complement strength can only be made in the 
presence of excess hemolysin. Any reading made with a deficiency of hemolysin 


cannot be relied upon. 

When titrations or tests are made with two different dilutions of hemolysin, 
they sometimes seem to produce different end-points, even when the amount 
of complement employed is exactly the same. This difference is apparent rather 
than real, and if two such titrations are made and watched carefully as the re- 
action proceeds, they will appear to be quite different after the first few min- 
utes in the water-bath, but if they are allowed to remain until reaction is com- 
plete, it will be seen that, although the titration with the strong hemolysin 
reaches its end-point in less time than the titration with the weak hemolysin, it 
does not proceed any farther than the amount of complement justifies, and 
that when the titration with the weaker hemolysin reaches its end-point, both 
titrations will be alike. For this reason the complement strength can be most ac- 
curately estimated when the amount of hemolysin used is large, so that the end- 
point is definite and is reached in a reasonable space of time, such as one-half 
hour. This effect is illustrated by the two titrations, IT and III. 


TABLE II* 


2 Units or HEMOLYSIN 


COMPLEMENT 0.1 cc. | 0.09 | 0.08 | 0.07 | 0.06 | 0.05 | 0.04 | 0.03 | 0.02 | 0.01 
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1, No hemolysis. 
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TABLE III* 


4 Units or HEMOLYSIN 


COMPLEMENT ~— | 0.1 c.c. | 0.09 | 0.08 | 0.07 | 0.06 | 0.05 | 0.04 | 0.03 | 0.02 | 0.01 
5 minutes - - - | - | + | + | + | 4 4 | 4 
10 minutes - - - | - | * | # | + 2 4 4 
20 minutes - - | - - | - | - + 
50° minutes - = | - - | - + 4 
40 minutes - | - | - | - + 4 
minutes - - | | | = | = + 


Complete hemolysis. 
4, No hemolysis. 


THE EFFECT OF NATURAL HEMOLYSIN ON COMPLEMENT FIXATION RESULTS 


Human serums often contain large amounts of natural hemolysin. This 
natural hemolysin has been accused of causing false negative reactions. Many 
workers’ * §11 hold that the absorption of natural hemolysin is advisable, since 
they obtain more justifiable positive results as a result of this procedure. A 
critical examination of this belief together with laboratory experiments will 
show that some negative serums which contain natural hemolysin will be falsely 
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reported positive if treated similarly. We believe that the increase in positive 
readings is not due to the removal of natural hemolysin but to the introduction 
of anticomplementary substances adhering to insufficiently washed cells. 

As early as 1908, Bauer * noted that absorbed serums are increased in 
anticomplementary properties. Kolmer and Rule’ have stated that from 2 to 20 
per cent of serums may increase in anticomplementary properties following 
absorption, and this at times may be responsible for the apparent increase in the 
strength of the reaction rather than to the removal of natural hemolysin. We 
have found that washing sheep cells as many as five times has not always been 
sufficient to completely remove the anticomplementary substances that adhere 
to the cells. 

It is possible to devise a titration which will show the reaction which takes 
place in these serums. Select a serum which contains a large amount of natural 
hemolysin. Divide it into two parts. Remove the natural hemolysin from one 
part in the usual way. From the portion which is now free of natural hemolysin, 
prepare two tubes containing 0.02 ¢.c. of this serum. To each of these tubes add 
one unit of complement. To one of the tubes add two units of specific hemolysin, 
and to the other add one unit. After the addition of the usual amount of 5 per 
cent cells, incubate both tubes at 37° C. for one-half hour. One tube will hemolyze 
much slower and much less than the other because of the deficiency of specific 
hemolysin. 

With the original portion of the serum which contains the natural hemolysin, 
repeat the above procedure. At the completion of this reaction, both tubes 
will hemolyze to the same extent because the tube which had the one unit of 
specific hemolysin will be aided by the natural hemolysin present. The tube 
which received 2 units of specific hemolysin will have such an excess that the addi- 
tional natural hemolysin will make no difference. If the two tubes which contain 
one unit of specific hemolysin, one of which contains natural hemolysin and the 
other does not, are compared, it may be thought that tlie one which contains 
natural hemolysin has hemolyzed too much, but this is not so. The fact is that 
the tube which contains no natural hemolysin has not hemolyzed enough. The 
reaction in this tube is not complete beeause of too little hemolysin. This 
tube is similar to a tube in which the complement and the hemolysin are of 
equal concentration, and it therefore cannot be used to estimate complement 
strength. If the other two tubes which contain the two units of specifie hemolysin 
are compared, it will be seen that they are both alike, because both tubes have 
an excess of hemolysin and the lack of natural hemolysin makes no difference. 

These four tubes clearly show that excess of natural hemolysin acts in 
exactly the same way as excess of specific hemolysin, and it has absolutely no 
effect on the result of a test except to hasten the end reaction. They also show 
why natural hemolysin has been accused of producing false negative reactions. 
It is because too little hemolysin is being used, and those serums which contain 
natural hemolysin hemolyze in much less time than those which contain none. 
For this reason, it is assumed that they go too far. 

When a slow system is used and the results are read too soon, the only 
results which are correct and consistent are the negatives. Any positive re- 
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actions obtained with a slow system are subject to criticism unless hemolysis is 
allowed to proceed for so long a time that one may be certain that the reaction is 
finished. 

It is well known that a small percentage of specimens from cases of clinical 
syphilis fail to give positive reactions. It is quite convenient to explain failure 
to secure a positive result in such eases by pointing to the natural hemolysin. 
If this natural hemolysin is removed and the reaction considerably delayed, as 
it would be with a slow system, the reaction may be read too soon and therefore 
read too strong. Notwithstanding the fact that some of these specimens are 
clinically positive, they are nevertheless false positives as far as the Wasser- 
mann reaction is concerned, if the result is made positive by the removal of 
natural hemolysin. 

When the proper amount of specific hemolysin is used, the test is sensitive 
and the end-point is sharp. If under such circumstances a clinical comparison 
shows that too few positives are obtained, the remedy is to use less comple- 
ment and to read the results when the reaction is complete. Any attempt to 
obtain more positives by reducing the hemolysin will produce unreliable results. 


CONCLUSIONS 


There is no danger of complement fixation tests hemolyzing too fast nor too 
far when an excess of hemolysin is used. 
There is nothing to be gained by the removal of natural hemolysin from 


patients’ serums: on the contrary, false positives may occasionally be obtained. 


An excess of hemolysin does not compensate for a lack of complement. 
An excess of complement does not compensate for a lack of hemolysin. 
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OBSERVATIONS ON LIVING MESENTERIC CAPILLARIES* 


Joun H. Ferauson, M.D., UNiversiry, ALA. 


HE present observations were made by direct microscopy and micromanip- 

ulation of the living capillaries, ete., in the freshly exposed (Ringer-mois- 
tened) mesentery of (a) pithed frogs and (b) decerebrate kittens (one to 
three days old). 

Spontaneous Variations in the Capillary Circulation.—Observation of eapil- 
laries, through which blood was flowing in a steady stream, revealed occasional 
spontaneous and reversible constriction to varying extents. By considerable 
elongation some red blood cells in certain eases might squeeze through the 
(incompletely) contracted capillary, whereas in other instances the obstruction 
appeared to be complete. Certain capillaries would cease to show a circulation, 
being (a) empty of cells or (b) holding the cells in a state of (physiologic) 
stagnation. The eapillary diameter in these cases was not reduced but often 
moderately dilated. On tracing the capillary to its parent vessel (at either 
end), it was observed to make a narrowed junction. That this was in no sense 
sphincter-like in action was evident from the observation of periodical eddyings 
of cells from the parent vessels into the mouth of the capillary. Sometimes 
these eddyings extended far enough into the capillary to sweep out a few cells 
at the margin of a stagnating clump (Fig. 1, x). After a period, the capillary 
circulation was reestablished and the contained corpuscles (if any) were swept 
along. The foregoing observations could be made on very fresh preparations, 
but, after some time (one-half to several hours), the classical sequence of in- 
flammatory changes began to appear, consisting in maximal dilatation of the 
eapillaries, with rapid blood flow (at first) followed, later, by (pathologic) stag- 
nation. Margination and diapedesis of blood corpuscles was moderately early. 
Dilated capillaries always showed varicosities attributable to the pressure of 
overlying connective tissue fibrillae or pericytes (Fig. 4). 

Micromanipulative Studies—By means of the Chambers microdissection 
apparatus, various cellular and tissue elements were manipulated with the micro- 
needle during microscopic observation at varying magnifications up to 900 
diameters (water-immersion lens). Mechanical displacement of connective tissue 
fibrils, or of perivascular cells, overlying indentations in dilated capillaries, 
often sufficed to relieve the local constriction. The narrowness of the junction 
of the eapillary with another vessel could not, however, be modified to any 
significant extent by this means. Micromanipulation of the various pericites 
was performed on numerous occasions with the typical result that the pericyte 
would round off and withdraw (to a variable distance) from the capillary wall, 
as seen at ‘‘R’’ in Fig. 2, where this procedure was applied to a perivascular 
cell which had the appearances of a Rouget cell. Supravital methylene-}lue 
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stained the cytoplasm of the pericytes and differentiated those of tissue origin 
from emigrated leucocytes. Such leucocytes could also be distinguished by 
rounding off more completely when stimulated with the microneedle. In addi- 
tion, they were easily detached. The true pericytes, on the other hand, assumed 
an oval form (see Fig. 2) and often resisted detachment from the vessel wall. 
Micromanipulation of the endothelial cells, a single nucleus usually being selected 


Fig. 1.—Sketch of eddying of blood into mouth of patent capillary during phase of 
“physiologic stagnation’; showing (A) parent vessel, (B) capillary, (C) stagnating mass _ of 
blood corpuscles, (D) constricted “mouth” of capillary, (£2) Rouget cell, (e.n.) endothelial 
cell nucleus (X) (see text). 


Fig. 2.—Untouched photomicrograph, showing localized contraction of single endothelial 
cell (7) of frog’s mesenteric capillary, in response to micromanipulation by needle (N). The 
apperrance prior to stimulation was very similar to that of the ordinary endothelial nucleus 
(en.). A previously manipulated Rouget cell (R) may be seen to have rounded off and with- 
drawn slightly from the capillary wall without affecting, to any appreciable extent, the caliber 
of the underlying blood vessel. ‘There is “physiologic stagnation” of the capillary blood flow, 
unrelited to the manipulative procedures. 


for stimulation, resulted (in a fresh preparation) in the cell-nucleus becoming 
swollen and ovoid. At the same time, or shortly thereafter, the cytoplasm 
shortened longitudinally and bulged transversely, producing a localized narrow- 
ing of the capillary lumen. Although in one experiment with the kitten’s 


B 
SRS 
ip 


464 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


mesenteric capillaries, two contracted (manipulated) endothelial cells seemed 
to fill the entire channel of a capillary in which there happened to be a physio- 
logie stagnation of flow (v. supra); in no ease in which the blood was actually 
flowing were we able to observe a complete occlusion of the eapillary by the 
localized bulging of the stimulated endothelial cell. With extensive stroking 


Fig. 3.—Untouched photomicrograph (frog mesentery), showing (1) spontaneous contrac- 
tion of capillary (J), (2) generalized contraction of micromanipulated capillary (//), extending 
from region adjacent to Rouget cell (R) to junction of capillaries. The “physiologic stagnation” 
of capillary flow was relieved (in Capillary II) almost immediately after taking the photo- 
micrograph. The capillary constriction, however, persisted for several minutes. 


Fig. 4.—Untouched photomicrograph (frog mesentery), showing (1) maximal capillary 
dilation and rapid blood flow due to incipient inflammatory reaction; (2) formation of red ce 
“thrombus” (7) at site of endothelial injury, effected by microdissection needle [a single white 
corpuscle (W) is attached to lower pole of thrombus]: (3) the constricting effect of connec- 
tive tissue bands (B); (4) a marginating leucocyte (M); and another (EZ) emigrating through 
the wall of capillary (C). 


of a considerable stretch of the vessel wall it was possible at times to produce 
a more generalized contraction of the capillary (also arterioles and venules) 
still without actual arrest of the blood flow (Fig. 3). 
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Experimental Capillary Injury in the Frog’s Mesentery.—By sufficiently 
vigorous movements of the microdissection needle, especially in capillaries dilated 
by reason of early inflammatory reaction, it was easy to injure the endothelial 
lining with the result that first one, and then more, passing blood corpuscles 
began to adhere to the injured site and to each other to form a ‘‘thrombus.’’ 
It was significant that the colorless corpuscles (from which the thrombocytes 
could not be differentiated) evinced a greater stickiness toward the injured 
epithelium. Nevertheless, the more numerous red cells usually played the chief 
role in the thrombus formation. Only if the capillary was widely dilated and 
the blood flow swift did the red cells keep getting pulled off the injured region 
by the force of the blood stream, and the thrombus formation in these cases 
became permanent only when the more firmly adhering white corpuscles chanced 
to contact the damaged endothelium. A pure red cell thrombus is seen in Fig. 4. 


DISCUSSION 


Capillary Contractility—The evidence of direct mechanical stimulation, 
strictly localized by micromanipulation, is conelusively in favor of an inde- 
pendent contractility of the capillary endothelial cells (confirming Zweifach).* 
While pericytes (including Rouget cells) are also contractile, in common with 
many other cell types, the evidence is all against their contraction in any essen- 
tial manner affecting the caliber of the underlying capillaries. It is a varicosity, 
produced by the localized restricting effects of unyielding connective tissue 
fibrils or firmly anchored pericytes, which gives the appearance of localized 
constrictions in otherwise dilated capillaries. 

Regulation of Capillary Flow.—A frequent absence of correlation between 
blood flow and capillary diameter was noted, with the two extremes, viz. (a) 
vigorous efforts at cireulation through generalized or localized eapillary con- 
strictions and (b) abeyance (‘‘physiologie stagnation’’) of blood flow in demon- 
strably patent, and perhaps well-dilated, capillaries. The data suggest (in con- 
firmation of Clark and Clark!) that blood pressure differences between the two 
ends of the capillary play the major réle in regulating the blood flow through 
each particular capillary. Of course, it is entirely possible that variations in 
the capillary caliber assist in redistributing these ‘‘pressure differences’’ and 
that the actual amount of blood flow in a unit of time is a direct function of the 
capillary diameter. 

Mechanism of Capillary Thrombosis —The present experimental data help 
to clarify the understanding of variations in the types of thrombus formation, 
already well recognized to bear a relationship to the degree of stagnation of the 
blood flow. Our experiments indicate that, with a slow rate of blood flow, the 
corpuscular elements adhere indiscriminately to the damaged vessel wall and 
tend to form a thrombus consisting of the most numerous, viz. the red cells. This 
is recognized to be the type which ultimately forms the so-called ‘‘hyaline 
thrombus’? (von Recklinghausen). With a more rapid blood flow, however, 
the red cells are unable to adhere sufficiently firmly to resist being swept on by the 
blood stream, and the thrombus finally formed is, therefore, made up chiefly 
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of platelets and leucocytes, the so-called ‘‘white thrombus’’ (Zahn). The coag 
ulative changes (fibrin formation) in the blood plasma are indifferently demon- 
strable with the present technic. 


We take pleasure in acknowledging the helpful advice of Prof. J. F. Fulton during a 
large part of these observations, which were made in the laboratory of Physiology, School of 
Medicine, Yale University. 
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VISCERAL TEMPERATURES IN THE INTACT AND 
UNANESTHETIZED ANIMAL* 


I. A New Tecunic ror MEASUREMENT 


James B. Hamiuron, Pu.D., New Haven, Conn. 


HE temperatures of the internal organs of the animal body and their rela- 
tionship have never been comprehensively studied, although there have 
been numerous reports concerning the degree of heat possessed by one or two 
organs under specialized conditions, as for example, the stomach after food 
administration. This literature, however, presents variant and confusing 
figures for organic temperatures both in experimental and in normal states. 
The confusion has largely arisen from certain inaccuracies commonly inscribed 
in these reports, of which the most frequent are: (1) exposure of the viscera 
to the cooler air of the experimental chamber, (2) changes in body tempera- 
ture, blood flow, and heat regulation due to anesthesia, (3) variability in the 
standardization of a base-line body temperature, and (4) instrumental errors. 
A brief consideration reveals the magnitude of these errors, which are cor- 
rected by the new technic. 

1. Exposure.—Fig. 1 represents the uniformity of individual organic and 
general body temperatures obtained with the technic reported in this paper, 
which eliminates the effects of exposure by permitting forty-eight hours to 
elapse between the operative placement of the thermometric device on the 
organ and the measurement of temperature. The technical errors necessarily 
introduced by the older technics, which involved measurement immediately 
upon application of a thermometer or other instrument, are seen by the facility 
with which this organ-body uniformity of temperature is destroyed. When an 
incision is made through the skin alone, the organs underlying the opening 
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in the skin are cooled, although the thick layer of abdominal muscles remains 
intact (Fig. 2). These effects of abdominal exposure may endure for con- 
siderable time, with only partial recovery of normal thermal uniformity as 
long as twenty-four hours after operative exposure. Thus it can be seen that 
the older methods of acute experiments do not adequately protect temperature 
determinations from inaccuracies introduced by exposure. 

2. Anesthesia—As early as 1896 Allen’ realized that the body heat level 
might be either raised or lowered during anesthesia, the direction depending 
upon the environment. Since a return to the pre-anesthetic body level is a 
variable process, experiments purposing to measure normal organic tempera- 
tures need allow sufficient time for proper recovery. It is conceivable, how- 
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Fig. 1.—Uniformity of uterine and general body temperature in the unanesthetized rat. 
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Fig. 2.—Destruction of uniformity of abdominal temperatures after visceral exposure 
by an unclosed epigastric incision, 0.7 cm. in length, through the muscles of the abdominal 
wall. Arrow denotes elapse of five minutes after separation of the wound edges with forceps. 
Animal, a 320 gm. rat. - 


ever, that body warmth may be maintained by insulative wrappings around 
the animal plus a sufficiently high room temperature; notwithstanding, the 
animal is not physiologically normal, in view of the derangement of thermal 
regulatory centers in the body and the abandonment of the normally existent 
thermal gradients between viscera and the environment. 

It is further necessary to understand the difficulties confronting any at- 
tempt to maintain the normal degree of heat in exposed viscera by thermal 
adjustment of the outside air. To prevent exchange of heat, air and organs 
would of a necessity be thermally identical, which would mean a room warmth 
approximating 100° F., delicately adjustable to slight variations in animal 
heat. But the incision for the measuring device requires an anesthesia with 
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correlated peripheral vasodilatation, which in a hot room does not produce 
the ordinary thermolysis, but the converse, a progressive degree of heat soon 
to end in heat-stroke if the air temperature is not lowered. 

3. Variability in Standardization of a Base-Line Body Temperature.—Uni- 
formity of depth and a sufficiently long latent period for the thermometric 
device to assume the environmental degree of warmth are inviolate precepts 
in measurement of body temperature in rectum or vagina. A consideration 
of Fig. 3 illustrates polythermocouple recordings of variant degrees in the 
same animal which were obtained at rectal depths of 0.6 em., 1.8 em., and 


ee © 


Fig. 3.—Gradient of rectal temperature of the rat at depths of 3.0 cm., 1.8 em., and 0.6 cm. 


3.0 cm. The depth of insertion necessary before approximation of the ‘‘in- 
ternal abdominal temperature’’ differs among the various animals. 

4. Instrumental Errors—lInstrumental errors are liable to be many and 
varied and do not warrant separate discussion in this place. Some errors to 
which simple galvanometer circuits are subject can be avoided by the use of 
a ‘‘null cireuit,’? wherein no current flows through the apparatus. 

Thus it can be seen that visceral exposure and disturbances of heat regu- 
lation are incident to anesthesia and operative insertion of devices for thermal 
measurement, and result in after-effects lasting as long as twenty-four hours 
in which organic and body heat alike are abnormal. Normal thermal regu!a- 
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tion and body heat levels are liable to perversion in the most carefully con- 
dueted acute experiments. The older work is without exception composed of 
acute experiments in which measurements were conducted immediately upon 
placement of the measuring device or shortly after closure of the incision. 


Hence, because of these errors in measurement, the one point of agreement 
among previous workers has been that the internal organs have been found 
to differ in their degree of heat. In general, those organs established as 
warmer have been either (1) the more vascular, therefore more able to resist 
exposure, as the liver, or (2) the more protected from exposure during ex- 
amination, as the underside of the stomach. Differential organic tempera- 
tures have resulted from variance in ability to resist exposure and disturb- 
ances in bodily heat regulation, 


PROCEDURE 


In the present experiments a technic has been devised to minimize the 
inaccuracies entering into temperature determinations, and to permit investi- 
gation of the intact animal without anesthesia. A fine thermocouple is im- 
planted upon the organ to be tested, and the animal allowed forty-eight hours 
before measurement; this length of time was found sufficient for recovery from 
visceral exposure and anesthesia. Standardized body temperatures are ob- 
tained by training animals to lie quietly with a thermocouple introduced 
through the anus for continuous measurement. 


Apparatus.—A Leeds-Northrup multiple point recorder, trade named ‘*‘ Mi- 
cromax,’’ is suitable for most measurements. This machine records tempera- 
tures by determining the E.M.F. necessary to equal the E.M.F. of the thermo- 
couple circuit. No eurrent flows through the galvanometer, thus preventing 
errors which accrue in a simple galvanometer cireuit upon the following 
changes in the thermocouple cireuit: 


1. Variations of resistance in the thermocouple circuit, including changes due to the em- 
ployment of different lengths of wire. This is a crucial consideration, since a substitution of 
wire is necessary if the wire snaps in the course of lengthy experiments. Advantage is further 
taken of the unimportance of resistance variations by embedding additional lengths of wire 
beneath the animal’s skin to be used in the case of occasional breaks or inadvertent gnawing 
by the animal. 

2. Passage of the leads through areas differing in temperature. <A practical test made 
by recording against a constant temperature bath while the temperatures of the two wires are 
varied as much as 100° F., proves that variation in the warmth of the thermocouple connections 
does not influence the readings. 


The micromax possesses an automatic cold-junction compensator and a 
self-adjusting potentiometer circuit, which standardizes itself at every thir- 
teenth reading interval. Thus, one investigator can obtain readings more 
accurately over longer periods of time than would be possible for several 
workers using a simple galvanometer. 

The limitations of the machine are significant although not entirely evi- 
dent from superficial appraisal. Nondiscerning manipulation may introduce 
errors of 2° F. To determine the practical accuracy under the conditions of 
the experimentation, the readings used in this work are checked against a 
constant temperature bath which is capable of regulation of 0.03° F. Other 
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precautions are taken to prevent inaccuracies. Neither jarring of the instru- 
ment nor elevation of the glass lid is permitted during readings; the paper 
roll is prevented from sliding. Further, the galvanometer is adjusted before 
each test to avoid machine ‘‘drift’’ and calibrated against a known tempera- 
ture at the beginning and end of each experiment.* 

The micromax is allowed a period of an hour for self-adjustment before 
readings are begun. Where leads record divergent temperatures, as in con- 
comitant skin and rectal determinations, each lead is run solely on itself for 
a five-minute period to ascertain the correct degree for that particular lead, 
irrespective of any deviation due to divergence of the other leads. By means 
of these precautions the instrumental error is always less than 0.1° F., when 
compared with the known bath temperatures. There is no need, however, of 
claiming for these experiments an accuracy greater than the manufacturer’s 
estimated error of 0.9° F. The probability that such a large error exists in 
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Fig. 4.—Mode of attachment and type of thermocouple employed in temperature measurements. 


spite of these precautions is slight, as seen by the constancy obtained in the 
measurement of internal organs. Fig. 1 shows uterine and rectal temperatures 
of a rat, which vary less than 0.02° F., from one another over the half-hour 
test period, despite the accentuation of any machine error by animal fluctuations! 

Thermocouples—The thermocouples are of fine 29 gauge wire, iron and 
constantin being selected in view of the type of wiring in the recording po- 
tentiometer. Each wire is enamelled and then wound separately with two 
thread windings, the threads running in opposite directions (Fig. 4). <A third 
layer of thread binds together the separately covered wires, the whole then 
receiving a coat of collodion before implantation. 


*For this purpose sodium sulphate is kept at the transition point (90.3° F.) by a vacuum 
bottle enclosed in heat-insulating cellotex, the whole boxed with wood. The heat of the sul- 
phate, which is practically constant over a pe riod of twelve hours, is registered by a Beckmann 
differential thermometer calibrated to 0.025° F. The micromax records against the known 
temperature of the sulphate in the vacuum bottle by a thermocouple placed 0.5 cm. from tl 
thermometer. The difference between this reading and that of the sulphate constitutes ti 
— which can be calculated with reference to points on the curve of the experiment:i 
readings. 
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Care is taken to limit to 1.0 mm. the size of the junction imbedded in the 
animal. After removal of traces of solder resin, the wires are reinsulated up 
to the exact point of junction. Cireular loops (C and D in Fig. 4) in each 
wire are a means of sutural attachment to the organ. 

In preliminary experiments the thermocouple wire was of sufficient length 
to extend from the animal to the galvanometer. When not in use, it was 
wound around a small piece of cardboard which could be fastened to a small 
jacket worn by the animal. During the course of the experiments, it was 
found more expedient to extend the leads from the machine to the animal; 
thus, only 2 em. of wire project outside of the skin. A secure, yet quickly 
adjustable connection between machine and animal wires is procured by means 
of binding posts similar to the type used to fasten detachable antenna wires 
to radio sets. One end of the binding post is soldered permanently to the 
machine lead; the other end, a serew nut with a slot to connect with animal 


Fig. 5. 


Simple adjustable immobilization cage in which animals may be trained to rest quietly. 


leads, can be changed from animal to animal. The posts are insulated from 
the cage and one another by hard rubber. 

The rectal (actually ‘‘colonic’’ in small animals) thermocouple is cemented 
within a flexible, hard catheter, size 9. Flexibility is essential if the thermo- 
couple is to be kept in the animal over any extended period, or if tests are 
run from day to day, as it must be adaptable to movements of the animal. 
The smoothly rounded surface of the thermocouple junction, extending 2 mm. 
beyond the open end of the catheter, is firmly held by De Kotinsky sealing wax. 
Fig. 5 shows the thermocouple in place in the animal. 

Measurements of the heat level in subcutaneous tissue and skin are rele- 
vant to a study of change in body heat, but extreme care must be taken in 
surface measurements. The proper manner of attachment of the thermocouple 
to the skin is a matter of concern even with a cooperative subject. With 
animals the difficulties are multiplied. The wire junction should be appressed 
against the skin tightly enough to assume the level of skin heat; yet too firm 
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an attachment mechanically prevents the blood from flowing through tie 
tissue. Since the electric current of the circuit is a resultant of the heat over 
the entire surface of the junction, that part of the junction not in contact with 
the skin is insulated with an enamel coating. The practice commonly em- 
ployed of placing the thermocouple under adhesive tape on the skin prevents 
proper radiation and convection at the surface. The question of a stable skin- 
junction attachment is further complicated by slight movements of the animal 
which tend to dislodge the thermocouple. To overcome these difficulties, the 
thermocouple is suspended by twine in the center of a ring of bone so as to 
bear only slightly yet continuously against the skin. Where taping the ring 
to the foot or ankle of a small animal would mean occlusion of the blood flow, 
the alternative of attaching the ring to the foot is accomplished by stabilizing 
the foot on the ring. 

Immobilization Cages and Halters.—Where cooperation cannot be expected 
from the subject, there arises the problem of obtaining forced acquiescence 
in as quiet a manner as possible. For this purpose comfortable mesh-wire 
cages with detachable top and back are designed to fit each animal snugly 
enough to eliminate movements. Fig. 5 shows the assembled cage containing 
an immobilized animal. The top-piece moves up or down to accommodate the 
individual animal. Pinions through the meshes of the cage and the movable 
top-piece hold the latter in place. The backpiece is provided with an open 
center through which extends the tail of the animal. Thus, the rectal thermo- 
couple is readily inserted to the correct depth, then taped to the tail to prevent 
change in its position. The rearpiece is also held in place by pinions through 
it and the cage. The mesh wire provides unimpeded air contact with the 
surface of the animal for radiation, convection, and evaporation. 

The rodent habit of continual gnawing is directed at the thermocouple 
with the result that the animal often bites through the wire at the surface 
of the skin, thus destroying the possibility of connection with the machine. 
A satisfactory means of eliminating wire-gnawing is devised by a system of 
halters. Light copper tubing, 0.4 em. in diameter, is bent in pairs of omega- 
shaped pieces fitted together to form an adjustable collar by a bolt and nut 
at each end of the half-circles. The animals readily feed and clean themselves 
but are prevented by the tubing from reaching the region where the implanted 
wires leave the body. These light though durable halters can be worn at al! 
times. The cylindrical form of the rat permits turning in a cage just loose 
enough to avoid cramping, but temporary attachment of the halter to the 
immobilization cage prevents the animal from twisting about. Revolutions 
within the cage are avoided, for the machine-connected thermocouple wires 
allow but slight movement, as turning pulls heavily on the protruding wire 
when stabilized by attachment to the machine lead. 

The advantages of this method of restraint may be listed as follows: 


1. Limitation of Animal Movements.—Retention of the rectal thermocoup!e 
throughout the test period, during which the animal is immobilized, minimizes 
the excitement and motion that arise in the older methods of thermometer 
insertion and handling at the time of measurement. That the higher temperi- 
ture at the beginning of the immobilization is not due solely to the exciteme:'t 


i 
i 
: h 
h 
a 
h 
; 
a 
a 
e 
0 
a t 
a 
0 
il 
6 
b 
it 
b 
st 
te 
t] 
| b 
| 
0 
ir 


HAMILTON: VISCERAL TEMPERATURES IN THE ANIMAL 473 


incident upon handling and placement in the cage, but to movement, is seen 


when an increase occurs as the animal is permitted to move about within the 
cage. Handling was not a factor, for the cage opened automatically. Pre- 
sumably the normal routine movements of the nonimmobilized animal tend to 
keep the heat level higher than in the resting state. The recordings almost 
invariably reveal a drop of one to several degrees in the general body tem- 
perature after an hour of immobilization. 

2. Avoidance of Excitement.—Excitement gives greater elevation of the 
heat level than movement, although some amount of motion usually accom- 
panies excitement. When held in the hand of an experimenter, the rat ex- 
hibits a general heightening of sympathetic system responses. If, in addition, 
a temperature-testing device is plunged deeply into the rectum, the tempo of 
heartbeat, heat production, and general activity are further augmented. In- 
variably, these responses are lessened as the animal becomes tamer and more 
accustomed to handling; vet, no rat so far tested, even when awakened from 
a period of sleep, has recorded at the onset a temperature as low as the base- 
line level arrived at after an hour of confinment from movement and excite- 
ment. Handling and taking of temperature with a thermometer are inherently 
exciting factors which increase activity and body temperature. They are 
overcome to a large extent by a technic employing continuous recording of 
the immobilized, quietly resting animal, the first readings of which are begun 
after an hour of immobilization. 

3. Continuous Measurement Over Long Periods of Time.—For observation 
over any extended length of time this technic is extremely valuable since a 
recording can be printed throughout a long test at any desired period. Read- 
ings used in this study have been taken at intervals of fifty-three seconds, with 
one nonprinting interval after every twelfth recording. Thus, quick changes 
are readily detected in unbroken sequence over long tests without exciting 
factors incident to each thermometer trial. Continuous measurements have 
been run on rats for as long as forty-eight hours. The thermocouple does not 
interfere with defecation. 

4. Accuracy and Speed in the Thermal Measurement—Accuracy may well 
be increased by replacement of the thermometer with thermo-electrie devices, 
which can be built or bought, with a far greater sensitivity than that pos- 
sessed by the thermometer. Speed in the measurement of small changes in 
temperature is afforded by the rapid passage of electric currents instead of 
the pause of minutes before the thermometer reaches an equilibrium. 

Animal Training, Thermocouple Implantation, Pre- and Postoperative Care. 
—That part of the technie involving care of the animals rather than mechanical 
means has been applied chiefly to the rat, but also to the mouse, guinea pig, rab- 
bit, cat, dog, and monkey. 

By means of a thermocouple inserted through the anus colonic readings 
were obtained at least once every three minutes during tests of internal 
organs; these serve as a base-line level of body heat in the organism. A com- 
moi: base-line body temperature, to which all internal parts can be referred, is 
especially necessary during any change in the level of animal heat, for the 
internal organs are directly affected by the temperature of the body regions 
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surrounding them. The individual organs are also affected when the general 
temperature of the animal is elevated. The colon is easily accessible without 
operative implantation of thermocouples, yet sheltered from direct reaction to 
environmental change. The depth of insertion was standardized at 7.5 em. 
in rats weighing over 150 gm., and 2.5 em. in the mouse; in larger animals such 
as the cat, dog, and monkey, 12 em. was used. 

Rats were given a two weeks’ period of training, during which daily 
vaginal smears were recorded for all females. During the first days of train- 
ing the rats strnggled violently to escape from the cage; therefore, tempera- 
ture measurements which were taken throughout the training period were 
high for the first days. They soon became accustomed to the two-hour period 
of daily immobilization, sometimes choosing to return to the cage after libera- 
tion. The intense excitement of the early training was replaced by a quiescent 
behavior which promoted a rather uniform level of body heat. Slight move- 
ments were never entirely eliminated; these, however, did not cause increase 
in body temperature. Most of this motion was in the form of intermittent 
gnawing on the metal cage, together with small shifts of body posture every 
few minutes, much in the manner of any sleeping animal. 

No difficulty was experienced in getting the animals to enter the cages. 
Oceasionally a rat dallied about for a moment, but to overcome this reluctance 
without exciting the animal, the experimenter had only to hold the rat’s head in 
the direction of the cage opening, whereupon it entered of its own accord. 
The small quarters of the cage seemed to cramp the animals but little, for they 
ran limberly about upon release after a two-hour confinement. When the 
tests extended over long periods, as in forty-eight-hour tests of daily rhythm, 
the top-piece was lifted off at about four-hour intervals to permit stretching 
and radical changing in the animal’s position, 

At the end of the two weeks’ training period those rats were selected for 
experimentation which had shown a stable body temperature, a cessation of 
the tendency to struggle upon confinement in the cage, and in the females a 
four- to seven-day estrual rhythm. 

Operations were performed upon ether anesthesia with aseptic precau- 
tions. Special sutures of twenty-day chromic catgut, 0000, with half-circle 
atraumatic needles were used.* A suture through a loop in the thermocouple 
(D in Fig. 4) was lightly sewn to the mesentery of the organ. By a loop (C in 
Fig. 4) farther from the measuring junction, the wire was firmly sutured to the 
muscular wall or capsule of the organ. Duplicate measurements were made 
from thermocouples implanted within the organ. From the organ the wire 
pierced the abdominal muscle to pass beneath the skin for a distance of 4 cm. 
before penetrating to the surface. This procedure plus a tight closure of 
muscle and skin served to prevent abdominal exposure along the passageway 
of the wire. The thermocouple was attached to the muscle of the abdominal 
wall and to the overlying skin (loops B and A respectively in Fig. 4). 

Where possible the wires were led out through the skin near the midline at 
a level with the last rib. This minimized gnawing of the wire, and in addition, 


*These sutures were specially prepared through the courtesy of Davis and Geck, Inc 
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kept the extruding wire from rubbing against the cage walls. Accessory spirals 
of wire were left just beneath the skin as reserve in case of a break outside of 
the body (Fig. 4). 

After thermocouple implantation the rat was kept in a narrow, low- 
roofed cage, which permitted motion backward and forward, but prevented 
assumption of a completely upright position until fibrosis held the wires in 
place. Organizing processes occurred quickly in the rat, as seen from investi- 
gations by Harvey? on the return of strength after wound healing. 

At the completion of the experiments an autopsy was performed on each 
animal to check on the retention and condition of the implanted thermocouple. 


DISCUSSION 


The adaptation of the technic to everyday uses is limited. Mention has 
been made of the errors that may vitiate the accuracy of the methods and of 
the precautions that must be observed. In addition, there are certain limita- 
tions in its practicability. A generous amount of time is required. Animals 
must be trained for they do not acquiesce at first to immobilization. Some never 
respond favorably to the training. In order to reach a base-line level of body 
heat, they should lie quietly or be acclimated to placement in an immobilization 
cage for an hour before tests are begun. Even simple types of recording poten- 
tiometers, plus attachments, cost approximately $300.00. Thus, it can be readily 
seen that where records are desired on more than a very limited number of 
animals, a considerable expenditure of time and money is required, as well as a 
working knowledge of galvanometric and thermocouple cireuits. The ther- 
mometer remains a much simpler, more facile means if only rectal temperatures 
are desired. 


This method is offered as particularly suitable for rapid readings over long 
periods, where speed and accuracy in readings are essential. For the measure- 
ment of internal temperatures the method is ideal. Application to physiologic 
problems may be briefly discussed. 


Gradients with their direct bearing upon human health and comfort present 
an urgent and vital series of problems which can be profitable and adequately 
furthered by combining this technie with the methods now available.*:* Inves- 
tigation of temperatures throughout the subdermal parts of the body should be 
carried out on a large series of animals of various sizes and habits. Particu- 
larly interesting would be readings of gradient and organic warmths in the 
animals awakening from hibernation with a sudden outburst of revived bodily 
activities. 

Insulated units applying localized heat have been implanted in the interior 
of the body with thermocouples which register and regulate the warmth in the 
heated tissue. Preliminary work indicates increased metabolism due possibly 
to (1) locally inereased blood supply and (2) more rapid biochemical reactions 
at higher temperatures. Localized heating of various nervous centers in the 
unanesthetized animal, particularly of the hypothalamus, may add to the under- 
Staiding of heat regulation. 


Measurements with this technic may find immediate value in a branch of 
therapeusis now under intensive investigation, namely, treatment by heat as in 
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diathermy, radiothermy, radiant heat and other general or local applications. 
Implanted thermocouples provide an adequate experimental means for exact 
determination of the depth of heat penetration, the spread through surrounding 
tissues, the duration of the after-effects, and the most effective dosages. Thermal 
therapy would be greatly benefited by such exact data. 


SUMMARY 


1. The problems inherent in the measurement of visceral temperatures are 
discussed with regard to the inaccuracies introduced heretofore. A new technic 
is described for temperature determination in intact and unanesthetized animals, 
which corrects the following errors found in the older method of acute experi- 
ments: 


a. Exposure of the viscera to the air of the experimental chamber either 
shortly before or at the time of temperature determination. As long as forty- 
eight hours may be required for complete recovery from exposure. 

b. Changes in body temperature, blood flow, and heat regulation due to 
anesthesia. 

e. Variability in the standardization of a base-line body temperature. 

d. Instrumental errors. 


-articulars are given of the apparatus, operative placement of the thermo- 
couples, and the selection, training, and eare of the animals. 

2. A method is deseribed for training and immobilization of animals to 
eliminate excitement, movement, and handling incident to ordinary rectal meas- 
urement by thermometers, and to permit continuous determination of tempera- 
ture over long periods of time (100 hours). 

3. Temperature measurements by means of this new technic of implanted 
thermocouples give no evidence for the claims advanced in the literature of 
differences in the degree of heat in the various abdominal organs. The uniform- 
ity of internal body temperatures will be discussed in a series of investigations 
of visceral temperature in various types of animals. 

4. The technic is of value in determining exactly the internal and subdermal 
temperatures with reference to problems in therapeutic heating, thermal gradi- 
ents from viscera to periphery, and nervous and glandular functions. 
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THE EFFECT OF PARALDEHYDE AND BENZYL ALCOHOL ON 
UTERINE ACTIVITY* 


Grorce B. Roru, M.D., Anp Howarp F. Kane, M.D., Wasuinaton, D. C. 


T WAS recently reported by Kane and Roth,! 1934, that the rectal instillation 
of a mixture of paraldehyde-benzy] alcohol, with or without morphine, may 
be successfully used for securing obstetric analgesia and amnesia. They further 
stated that the mixture seemed superior for this purpose to any other existing 
method. 
Laboratory studies made to ascertain the effects of these agents on uterine 
activity are herein reported. 


The mildly depressant activity of paraldehyde on the organism has long 
been known? (Cervello, 1882, 1884), the drug ranking in the laboratory as ene 
of the safest hypnotics and fixed anesthetics in common use. However, when 
used clinically by mouth, its disagreeable taste is highly objectionable, par- 
ticularly to women, and when instilled rectally, the irritant nature of paralde- 
hyde prevents its retention. 

Kane and Roth,? 1934, found that its expulsion from the rectum could be 
prevented by adding to it the comparatively nontoxic local anesthetic, benzy] 
aleohol (about 1 part of benzyl alcohol to 10 parts of paraldehyde). When 
combined in this way, they obtained retention almost invariably if adminis- 
tered after a cleansing enema. 


No references to experimental work on the effect of paraldehyde on uter- 
ine activity could be found (either when used alone, or in conjunction with 
benzyl aleohol), while for benzyl alcohol only two references to its action on 
the uterus were met with. 

Macht,* 1918, working with the excised uterus of the rat, obtained a de- 
crease in tone and amplitude from the use of 1 ¢.c. of a 1 per cent solution of 
benzyl aleohol in 30 e.c. of Locke’s solution. Similar effects were obtained 
from the use of benzyl benzoate and benzyl acetate which led him to suggest 
the use of the benzyl compounds for spasmodic contractions of the uterus as 
in dysmenorrhea or threatened abortion. 

Mason and Pieck,* 1920, reported that 3 ¢.c. of a saturated aqueous solu- 
tion of benzyl alcohol (approximately a 4 per cent solution) given intra- 
venously to dogs had no effect on uterine movements in situ but that a 5 e@.e. 
dose ‘‘stopped uterine contractions but not until the animal had died.’’ They 
further state that ‘‘we should not be inclined to lay too great emphasis on 
these observations. ’’ 

Gruber,® 1927, compared the effects of sodium benzyl succinate and sodium 
dibenzyl phosphate with those of certain commonly employed barbiturates on 


*From the Departments of Pharmacology and Therapeutics, and Obstetrics and Gyne- 
cology, The George Washington University School of Medicine. 
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excised utert (dog, cat, rabbit, and rat) and found that the benzyl esters only 
partially relaxed tonus, while the barbiturates caused a complete loss of tonus. 

It appears, therefore, that nothing has been reported concerning the 
effect of paraldehyde on uterine activity, either when used alone or in com- 
bination with benzyl alcohol and that no conclusive in situ experiments have 
been reported which deal with benzyl alcohol alone. 


METHOD OF STUDY 


The compounds, benzyl aleohol and paraldehyde, were studied on both 
isolated and intact uteri; rabbits and guinea pigs were used for the isolated, and 
rabbits and eats for the intact uterus. 

The method adopted for the isolated organ employed two uterine strips, 
one of which consisted of an entire horn (guinea pig) or a segment of one of 
the horns (rabbit), the other of a transverse section across the cervical region 
where the horns unite. These two preparations were then mounted simul- 
taneously in 100 ¢.c. of a suitable alkaline oxygenated Locke-Ringer solution, 
kept at a temperature of about 40° C. Each preparation was connected to a 
light Harvard heart lever for recording movements on a smoked surface. In 
this manner one lever mechanically described the effects on the longitudinal 
(horn) and the other on the cireular muscles (cervix) under identical con- 
ditions. To record the effects on the intact uteri of rabbits and cats, the fol- 
lowing procedures were adopted: The animals were first anesthetized lightly 


with paraldehyde per os; rabbits received either 1.7 ¢.c. of paraldehyde per 
kilo or this amount of paraldehyde combined with 0.17 ¢.c. per kilo of benzyl] 
alcohol; cats were given 2 to 2.4 ¢.c. per kilo of paraldehyde without benzyl! 
aleohol. 


When fully anesthetized, the abdomen was opened while immersed in a 
saline bath maintained at about 40° C.; one uterine horn was exposed under 
water and connected to a light modified Cushny myoecardiograph lever for 
recording the uterine movements. Both drugs were dissolved in saline when 
administered intravenously (jugular, cat; marginal ear vein, rabbit) and used 
pure when given per os. 


RESULTS WITH PARALDEHYDE 


Rabbit (Isolated Uterus).—Dilute solutions of paraldehyde, 5 to 100 m¢g.. 
were practically without effect on either the longitudinal or circular prepara- 
tion, regardless of the functional state of the uterine muscle (pregnant or non- 
pregnant), although the higher concentration, 100 mg., may cause some in- 
crease in both tonus and rate of contraction in the longitudinal segment (Fig. 1). 

High concentrations, 200 to 500 mg., usually depress both segments as shown 
by a decrease in tonus, amplitude and rate of contractions, or a disappearance 
of the spontaneous contractions with but slight decrease in the tonus of the 
longitudinal segment (Figs. 2 and 3). 

Guinea Pig (Isolated Uterus).—Unlike the rabbit, dilute solutions of paral- 
dehyde definitely stimulate, whereas the concentrated solutions stimulate mo- 
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mentarily, then depress uterine motility. The stimulating efféct of dilute 


solutions of paraldehyde is exemplified best in the longitudinal segment of 
the virgin type uterus. 


Figs. 4, 5, and 6 illustrate the effects produced by gradually increasing 
the concentration. When 4 mg. were used, the contractions became higher 
eradually ; increasing to 20 mg. caused a further increase in height (Fig. 4). 
However, when one uses a dosage range of 80 to 160 mg., depression is seen 
in tonus, rate, and amplitude of contraction, preceded by a preliminary increase 
in rate (Figs. 5 and 6). 


_ Figs. 1, 2, and 3.—Paraldehyde on the isolated uterus of the pregnant rabbit. Long., 
longitudinal segment; Cir., circular segment. Upstroke, contraction. 


Fig. 1.—Effect of 50 and 100 mg. 
Fig. 2.—Effect of 200 mg. 
Fig. 3.—Effect of 500 mg. 


The parturient uterus of the guinea pig appears to be more resistant than 
the nonparturient type to the depressant effect of paraldehyde, comparatively 
little depression occurring in the former after as high concentrations as 200 
to 300 mg. 

Rabbit (Intact Uterus).—The uterus of the rabbit (pregnant or nonpreg- 
nant) when anesthetized with paraldehyde alone (1.7 ¢.c. per kilo per os) or 
with this dose of paraldehyde to which was added 0.17 ¢.e. per kilo of benzyl 
alcohol, always showed spontaneous rhythmic contractions as observed when the 
organ was immersed in a saline bath at 40° C. 


Fig. 1. Fig. 2. 
| Pann On Urenvs Ravers SIS 
Toe. 
Fig. 3. 
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Additional paraldehyde was given intravenously. Single doses of 2 to 4 c.c. 
or as much as 10 ¢.c, of an 8 per cent solution given during the course of one 
hour were practically without effect (Fig. 7). 

These results were uninfluenced by morphine, 15 mg. per animal, given 
intravenously. 

Cat (Intact Uterus) —Nonpregnant anesthetized cats were used for these 
experiments. In this type of animal spontaneous contractions were not always 
present, or if present were few and weak. 


Fig. 6. 


Figs. 4, 5, and 6.—Paraldehyde on the isolated uterus of the virgin guinea pig. Mechani- 
cal relations same as in the previous figures. 

Fig. 4.—Effect of 20 mg. 

Fig. 5.—Effect of 40 and 50 mg. 

Fig. 6.—Effect of 160 mg. Note that the longitudinal segment (horn) only is stimulate:. 


In order to produce prominent rhythmic contractions, a small dose of post- 
pituitary solution was given intravenously. 

When contractions were established in this way they were uninfluenced 
by a single intravenous dose of 6 ¢.c. of an 8 per cent solution of paraldehyde 
and only moderately depressed (rate and height of contractions) by repeating 
this dose within fifteen minutes. 


Fig. 4. 
Fig. 5. 
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RESULTS WITH BENZYL ALCOHOL 


Rabbit (Isolated Uterus) —The dosage range employed for benzyl alcohol 
in this type of experiment extended from 5 to 80 mg. in 100 e.c. of Locke- 
Ringer’s solution. The lower dosages, 5 to 10 mg., had practically no effect; 


Fig. 7.—Effect of 4 ¢.c. of an 8 per cent solution of paraldehyde given intravenously at 
12:18 to a pregnant rabbit anesthetized with paraldehyde and benzyl alcohol. Downstroke, 
contraction. Note that at 12:37 the contractions were still of the sustained type. 


Areonor Ow Pro 
Urerv.s — Vine Tree. 


Figs. 8, 9, and 10.—Benzyl alcohol on the isolated uterus. Mechanical relations same as 
in Figs. 1 to 6. 

Fig. 8.—Effect of 20 mg. on the pregnant uterus of the rabbit. 

Fig. 9.—Effect of 60 mg. on the parturient type uterus of the guinea pig. 

Fig. 10.—Effect of 20 mg. on the virgin type uterus of the guinea pig. 


medium doses, 20 to 30 mg., occasionally caused slight depression and marked 
depression at other times, the circular being depressed usually before the 
longitudinal segment (Fig. 8). 
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The large doses, 50 to 80 mg., either decreased tonus, rate and amplitude 
of contractions or caused complete cessation in both cireular and longitudinal 
preparations. 

The effects appeared to be the same in both pregnant and nonpregnant 
animals. 

Guinea Pig (Isolated Uterus).—The effects of benzyl aleohol on the isolated 
uterus of the guinea pig were practically like those described for the isolated 
uterus of the rabbit. 

The dosage range was somewhat narrower (4 to 60 mg.). 

Fig. 9 illustrates the effects following the application of 60 mg. in the 
parturient type, the spontaneous movements having stopped in the cervix, 
but continued in the horn, although feebler; tonus alone may be depressed 
if the dosage is not excessive. 


Fig. 11.—Uterine activity after 3 c.c. of a 3 per cent solution of benzyl alcohol given in- 
travenously at 1:37, using the same rabbit as employed for Fig. 7. A second anesthetic dose 
of the mixture was given by mouth at 2:16. Note absence of effects as late as 2:41. Down- 
stroke, contraction. 


Fig. 12.—Effect of a mixture of paraldehyde (80 mg.) and benzyl alcohol (20 mg.) on 
the isolated pregnant uterus of the rabbit. Upstroke, contraction. Upper tracing, longitudinal 
segment; lower tracing, cervical segment. 


Fig. 10 illustrates the effects in the virgin type uterus. In guinea pigs 
the heavy parturient type is less easily depressed than is the thin noneongested 
virgin type. 

Rabbit (Intact Uterus) —Animals anesthetized with paraldehyde or with 
paraldehyde and benzyl] aleohol were given as much as 3 ¢.c. of a 3 per cent 
solution of benzy] alcohol intravenously without influencing normal spontaneous 
contractions in either the pregnant or nonpregnant type of uterus (Fig. 11). 

Cat (Intact Uterus).—A dose of 6 ¢.c. of 1 per cent benzyl alcohol given 
intravenously in the nonpregnant cat was without effect on the rhythmic con- 
tractions produced by a small dose of postpituitary solution while 6 ¢.c. of a 
3 per cent solution produced moderate depression only (decrease in height and 
rate of contractions). 
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RESULTS WITH BENZYL ALCOHOL IN COMBINATION WITH PARALDEHYDE 


Benzyl alcohol in combination with or following paraldehyde was tried on 
both isolated (rabbit and guinea pig, parturient type) and intact uteri (rab- 
bit, pregnant; cat, nonpregnant), the range of dosage in combination on iso- 
lated structures being as high as one part of benzyl alcohol in four parts of 
paraldehyde. 

The combinations used were: 5 to 20 mg. of benzyl alcohol to 50 to 80 
mg. of paraldehyde (Fig. 12). 

In the intact animals which were anesthetized with paraldehyde, the 
drugs were given intravenously following each other, or, together by mouth 
(eat), the oral dose in the cat being the usual anesthetic dose combined with 
Yo part of benzyl alcohol. The largest single intravenous dose of paralde- 
hyde given to either the rabbit or cat was 6 ¢.c. of a 3 per cent solution. 

The effects on isolated segments when used in the above combinations 
were practically the same as when used singly, in other words there was no 
potentiation of the effects resulting from their use in combination. 

On the intact organ there was no effect in the rabbit or cat (anesthetized ) 
from the intravenous use of as much as 3 ¢.c. of a 3 per cent solution of paral- 
dehyde, followed by 3 ¢.c. of a 3 per cent solution of benzyl aleohol; or from 
4.3 ¢.c. of paraldehyde combined with 0.43 ¢.c. of benzyl aleohol given by 
mouth to the anesthetized rabbit (Fig. 11). 


SUMMARY AND CONCLUSIONS 


1. Paraldehyde first stimulates then depresses the isolated uterus of the 
nonpregnant guinea pig, the stimulant effect being manifested mainly in the 
horn segment (longitudinal fibers), depression occurring in both the horn and 
cervical segment (circular fibers). The dosage range for obtaining the stimu- 
lant effect was 4 to 80 mg., dosages above 80 mg. being depressant. 

2. Dilute solutions of paraldehyde, 5 to 50 mg., were without effect on 
either the horn or cervical segments of the isolated uterus of the rabbit (preg- 
nant or nonpregnant), while a 100 mg. dose was found at times to be some- 
what stimulating to the horn segment. Concentrated solutions, 200 to 500 mg., 
were required to depress motility in either segment. 

3. Paraldehyde in anesthetic doses when used (a) alone, or (b) in com- 
bination with benzyl aleohol (about 10 parts of the former to 1 of the latter), 
or (ec) by supplementing the anesthetic dose by as much as 10 ¢.c. of an 8 per 
cent solution of paraldehyde given intravenously, does not suppress the spon- 
taneous uterine movements of the intact rabbit, while in the anesthetized cat 
the uterine movements may be present but they appear less seldom than in 
the rabbit. 

4. Benzyl alcohol was practically without effect on the isolated uterus 
of both the rabbit and guinea pig in small dosages, 4 to 10 mg., while depression 
occurs from the use of larger doses, 20 to 80 mg. The qualitative effects ap- 
pear to be the same in pregnant and nonpregnant animals, but the heavy 
parturient type uteri were less easily depressed than the thin noncongested 
Virgin type. The motility of the cervical segment was usually depressed be- 
fore that in the horn. 
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5. Benzyl alcohol given intravenously to rabbits and cats anesthetized 
with paraldehyde was without effect on the uterine movements in as high a 
dosage as 3 ¢.c. of a 3 per cent solution. 

6. Simple summation rather than a potentiation of effects results from the 
use of paraldehyde and benzyl aleohol on the isolated uterine muscle of the 
rabbit and guinea pig. 

7. Both paraldehyde and benzyl alcohol may be considered to be but 
mildly depressant to uterine muscle, the former being less depressant than 
the latter. 
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TRICHINOSIS, WITH A REPORT OF TWO CASES WITH 
EOSINOPHILES IN THE STOOLS* 


E. A. BAuMGARTNER, M.D., AND ALBERT CoWLEs, B.S., Newark, N. Y. 


HE finding of eosinophiles in stools has not been frequent in our experience. 

Some years ago, stool examinations were made for about 1,100 patients in 
the Newark State School many of which tests were repeated.' All of these 
specimens were examined in the ‘‘fresh’’ state with neutral red and with 
iodine. During the following years, about 10,000 routine stool examinations 
were made in the fresh condition and only those which showed cells were 
permanently stained. In the last three years, we have examined in this labo- 
ratory about 250 stools, but these were all from patients who had definite 
gastrointestinal symptoms, often a severe bloody diarrhea. These also were 
examined in the fresh condition and, if any unusual cells were found, smears 
were made, and stained with Wright’s or Giemsa’s blood stain. In this num- 
ber of stool examinations, the authors remember only the two cases following 
as showing eosinophiles. 

A laborer, about sixty years old, had had a diarrhea for several weeks. 
This began in the autumn (1933) soon after he ate a sandwich of raw sausage. 
He remembers feeling tired and weak, and finding it difficult to do the day’s 
work. He cannot tell anything more of his condition. He continued work 
and went to see a physician when the diarrhea had continued for several 
weeks. He finally came to Dr. E. Tansley of Newark who brought a stool 
specimen to the laboratory. The stool (December 18) was a watery, brown 
one with some meat fibers, and granular cells which, when stained with 


*From Newark State School. 
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Wright’s blood stain, were found to be eosinophiles. Many of these were 


badly broken up, frequently leaving only a group of red granules. A second 


specimen four days later was gray, watery, and contained many of the clumps 
of red-stained granules and occasionally a well-preserved eosinophile. 


It was suggested that a blood count be taken but only a blood smear was 
brought to us. This showed what appeared to be about a normal leucocyte 
count and, in the differential count, there were 54.0 per cent eosinophiles 
(Case 1, Table I). 

For the second case, we are indebted to Dr. J. L. Davis of Newark. <A 
white, adult, housewife stated that she had an attack of ‘‘flu’’ in December 
(1934) which was followed by a diarrhea of several weeks’ standing. <A stool 
specimen was brought to the laboratory. This was yellow, liquid, with few 
meat fibers, a few leucocytes, and after staining with Wright’s blood stain, 
clumps of red granules were seen, and then eosinophiles found and a blood 
smear requested. This smear appeared to have a slightly higher than normal 
leucocyte count and there were 45.0 per cent eosinophiles (Case 2). 


The high eosinophile percentage suggested the diagnosis of trichinosis in 
both of these cases. It seemed desirable to do skin and precipitin tests for 
trichinosis and to examine a piece of muscle. Following Drake, Hawkes and 
Warren” we obtained antigen from Dr. B. Schwartz of the Agriculture De- 
partment at Washington who very kindly sent us sufficient dry powder to 
make antigen for skin tests, and an infected guinea pig. 

Skin tests were made on these two cases (December, 1935) and both gave 
positive reactions with large, irregular pseudopods within ten minutes, but 
which faded in an hour and left no reaction at the end of twenty-four hours. 
As positive controls, we had an equally good reaction on a patient of Dr. 
E. DuBois of Newark who was said to have had trichinosis in June, 1934 
(Case 3). Feces examined in this laboratory at that time did not reveal 


TABLE I 


SHOWING EOSINOPHILE PERCENTAGES 


7 CASE DATE R.B.C. | W.BC. | cytes | | PHILES 
1, WLM. | Dee. 22, 1933 - | - 15.7 | 29.0 1.3 54.0 0.0 
Dec. 3, 1935 | 5,21 | 7,800 | 47.3 48.7 3.3 0.0 0.7 
2. D. J. Dee. 1, 1934 - | - 21.7 33.3 0.0 45.0 0.0 
Dec. 4.1935 | 4,83 | 8200] 60.7 | 263 1.7 0.3 | 0.0 
3. R.W. May 30, 1934 - | - 28.0 5.0 0.0 67.0 0.0 
Dec. 6, 1935 | 5,30 | 5,700 | 56.3 39.7 0.7 3.0 0.3 
1 ALF. June 4, 1934 | 4,30 [11,000 | 36.0 23.0 0.0 41.0 0.0 
Jan. 21,1936 | 4,64 | 6,900 | 57.3 40.7 1.0 1.0 0.0 
o V.F. June 16, ? 4,49 | 11,700 37.5 30.5 0.0 32.0 0.0 
Jan. 21, 1936 | 4.28 |13,600] 633 | 30.3 3.7 1.7 | 1.0 
i. GR. June 7, 1934 - | - 29.0 25.0 a 44.0 0.3 
Feb. 1, 1936 4,00 | 7,000 | 62.0 34.0 2.7 0.7 0.6 
7. M.D. Oct. 13, 1934 - | - 47.3 38.3 2.4 19.0 0.0 
Feb. 13, 1936 | 4,17 | 7,300 | 61.3 37.7 0.7 0.3 0.0 
8. N.B. Nov. 25, 1935 | 4,53 | 9,800 | 50.0 24.3 2.7 23.0 0.0 
Dee. 2, 1935 4,17 | 8,500 | 62.3 20.3 6.0 11.0 0.4 
% MJ. July 31, 1935 4,89 9,300 | 57.7 19.7 3.0 18.6 1.0 
Dec. 2, 1935 | 4,00 | 9,300 | 54.0 24.3 0.3 21.0 0.4 
10. E. 8. May 14, 1935 4,23 | 6,200 | 46.3 40.0 3.7 10.0 0.0 
Dec. 2, 1935 | 4,44 | 7,000] 47.7 | 43.7 20 | 63 | 03 
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eosinophiles. This patient did not have a diarrhea. A blood smear showed 
G7 per cent eosinophiles. Four days later a very similar count was obtained. 
June 18, there were 35.7 per cent eosinophiles. The results of blood counts 
taken at the time of the skin tests are shown in Table I. 

Another patient was seen in consultation in June, 1934, with Dr. DuBois 
(Case 4). She had all the classical symptoms of a trichinosis, fever, malaise, 
pains in muscles, swollen eyelids, and respiratory difficulty. Seven blood 
eounts taken during her acute illness showed a first count with 6 per cent 
eosinophiles, gradually increasing to 41 per cent. Her skin test performed in 
January, 1936, was considered slightly positive. Another case (Case 5, 
daughter of Case 4) had an eosinophilia of 32 per cent in June (1934). She 
complained of vague abdominal pains which led to an appendectomy in July, 
1935. Her skin test was markedly positive, the largest reaction seen in any 
of the cases tested (Table II). Another patient (Case 6) of Dr. DuBois was 
said to have had trichinosis in June, 1934. A blood smear showed 44 per cent 
eosinophiles. A skin test performed recently gave a strongly positive reac- 
tion. A fourth case of Dr. DuBois (Case 7) had trichinosis in September, 
1934. She was seen in consultation and considered a typical case. Her 
eosinophiles, at first 6 per cent, reached 19 per cent three weeks later. The 
skin test, performed about one and a half years later, was slightly positive. 

Nine people with no history of trichinosis infections at any time were skin 
tested for negative controls. These have all had blood counts recently and 
no eosinophile increase was found. They all had negative skin tests. Three 
cases were skin tested because of an eosinophilia. One patient (Case 9) from 
this institution has had an asthma and a very marked itching of the skin for 
over two years. Her highest recorded eosinophile percentage (21.0 per cent) 
occurred the day of the skin test, but she had had 18 per cent some months 
previously. Another patient (Case 8) had been receiving antisyphilitic treat- 
ment and in a routine blood count 23 per cent eosinophiles were found. In 
the third patient (Case 10) a blood count was done because of a suspected 
anemia, and 10 per cent eosinophiles were found. These three cases showed 
positive skin reactions, all reaching a maximum size in five minutes, then 
fading rapidly; but only in the third case was the reaction as large as was 
that in those cases who had had or were suspected of having had trichinosis. 
In none of these three was there a history of an acute or possible trichinous 
infection. 

The antigen for the precipitin test was obtained from O. R. McCoy of the 
Rochester Medical School, to whom we are greatly obligated. This test was 
performed according to the method described by Spink and Augustine.* A 
half cubic centimeter of blood serum is overlaid with 0.5 ¢.c. 1-100 dilution 
of trichina antigen and incubated one hour at 37° C. A white ring develops 
in positive cases. As control, 0.5 ¢.c. of serum was overlaid with salt solution 
and also incubated. 

We had only sufficient antigen to do 10 tests. Six of the cases showed a 
ring in the antigen tube, none in the control tube (Table Il). The three nega 
tive controls were laboratory staff members who had negative skin tests, 10 
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history of trichinosis and no record of an eosinophilia. A fourth negative 
case was one with an eosinophilia, the case receiving antisyphilitie treatment 
(Case 8). 

Discussion: According to these tests, then, the two eases first described 
had a trichinous infection probably at the time of their diarrhea when the 
stools were examined and differential leucocyte counts were made. 

The interesting point in both eases is the occurrence of diarrhea for weeks 
and the finding of eosinophiles in the feces. Then it was thought that these 
might be due to a trichinous infection. At this time, a blood count was re- 
quested but smears only were obtained. When a high eosinophilia (45 and 
54 per cent) was found, the authors were convinced that these were cases of 
trichinosis. This opinion was given to the physicians, with the reservation 
that confirmation was desirable. The confirmatory tests are muscle examina- 
tion and the more recently described skin and blood precipitin tests with 
trichina antigen. The finding of trichina cysts in a piece of muscle is the only 
absolutely positive confirmation. Permission for excision of a piece of muscle 
could not be obtained. This test, of course, is only diagnostic if enceysted 
embryos are found. At autopsy, such examinations have proved valuable as 
shown by Queen* and others. 

The finding of eosinophiles in feces specimens of trichinosis patients is 
unusual. In a review of various standard textbooks of medicine and labera- 
tory texts, no mention of this was found except in Kolmer and Boerner’s 
recent text® who state that eosinophiles may be found in the feces in allergic 
states. Both patients admitted eating raw or lightly cooked sausage. Neither 
patient was acutely ill. Further confirmation was obtained by the positive skin 
reactions and blood serum precipitin tests. 

The latter test has added significance to us in that we were able to do 
them on four patients who had been diagnosed as trichinosis. In these four 
eases (3, 4, 6, 7), the diagnosis was made by the symptoms, the elinical fid- 
ings and blood examinations. The patient in Case 5 complained of vague 
abdominal symptoms at the time of her mother’s (Case 4) illness. Several 
blood counts were taken and all showed an eosinophilic increase, in one count 
to 32 per cent. We believe this patient also had trichinosis at that time. Her 
racial origin and family history are confirmatory as were the skin and blood 
precipitin tests (Table IT). 

The finding of several® positive skin tests in patients with a moderate 
eosinophilia is confusing. Finding positive skin tests in people with no lis- 
tory has been reported. Negative findings in patients who have had trichi- 


nosis have also been recorded. Two of our eases (8 and 9) have been insti- 


tutionalized for many years, and there have been no known eases of trichino- 
sis in this institution. A cause for their eosinophilia can be given. The third 
ease (10) had no illness, and had what may be considered a high normal 
eosinophile (10 per cent, 620 eosinophiles) count and a well-marked skin 
reaction. MeCoy and others® note that in 3 cases out of 4 with positive s!in 
reactions there was an eosinophilia and comment on this curious finding. 


They state that allergic patients are not more likely to have positive slin 
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reactions, but they had a large percentage of positive skin reactions on pa- 
tients with intestinal worm infestation, notably the trichiura. Intestinal 
worms have been excluded by stool examinations as the cause of eosinophilia 
in these three patients. Such findings, of course, throw doubt on the value 
of skin tests. Further work with skin tests on patients with eosinophilia 
should be worth while. 

Precipitin tests are also indicated as a further check on some of these 
cases. We have had no false positive results, and our three known trichinosis 
patients (3, 4, 6) gave positive precipitin reactions. The positive tests in our 
cases showed a wide diffuse gray band at the junction of the two fluids. One 
ease (Case 8) with eosinophilia and no history of trichinosis gave a negative 
precipitin test. 

CONCLUSIONS 


Eosinophiles were found in the stools of two cases with weeks’ long 
diarrhea. <A history of eating raw sausage just before this diarrhea began 
was obtained in both; they had high eosinophile percentages in blood smears 
at that time, and now gave positive skin and precipitin reactions to trichina 
antigen. Four patients known to have had trichinosis also gave positive skin 
and three of these positive precipitin tests. One patient (Case 5), an Italian 
girl, daughter of a known trichinosis case (4), had an eosinophilia at the 
time of her mother’s illness, and now gave a markedly positive skin and pre- 
cipitin test. Nine patients with no record of an eosinophilia and a history 
negative for trichinosis all gave negative skin tests and 3 of these had a nega- 
tive precipitin test. Three patients in whom an eosinophilia (10, 21, and 23 
per cent) was found in routine blood counts gave positive skin tests and one 
of these a negative precipitin test. The finding of positive skin tests in cases 
with eosinophilia may be accidental, since McCoy and others also noted this 
but a further study of such cases with skin and precipitin tests is indicated. 
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ON THE ANTIGENIC RELATIONSHIPS OF HEMOLYTIC 
STREPTOCOCCUS EXOTOXINS FROM DIFFERENT 
PATHOLOGIC CONDITIONS WITH SPECIAL 
REFERENCE TO ERYSIPELAS* 


Berry S. M.S., New York, N. Y. 
Assistep BY Respecca Suaptro, M.S., IRENA GertruDE ConeEen, M.S. 


HE question of antigenic relationships between toxins of hemolytic strep- 


tococei originating from a variety of pathologie conditions has not been 
settled with finality. Differences of opinion still exist as to the specificity of 
toxins developed from organisms isolated from eases of scarlet fever, erysipelas, 
puerperal and other conditions with manifestations of toxemia. The nature 
of the disagreements is not only theoretical. Its practical importance is con- 
nected with the production of therapeutie serums. 

It is generally recognized that the stronger toxins produce most potent 
antitoxins. On the other hand, the general experience has been that the 
strongest toxins are found among those produced by hemolytie streptococci 
from searlet fever. Thus in selecting a strain or strains for the production 
of antiscarlatinal serums no problem exists as to the source in which such a 
strain should be looked for. 

It has not been so simple with antitoxiec serums for other streptococeal 
diseases, notably for erysipelas. The known hemolytic streptococci from this 
disease produce only moderately toxic filtrates. The question has arisen 
whether it is necessary to employ ‘‘specific’’ erysipelas serums produced by 
strains from erysipelas or whether scarlatinal antitoxic serums possess the 
same neutralizing capacity for ‘‘erysipelatous’’ toxins (or for toxins from any 
hemolytie streptococcal disease) as for searlatinal. 


HISTORICAL NOTES 


Numerous studies were made on the question of ‘‘specificity’’ of hemolytic 
streptococeus toxins. Thus while Birkhaug? ? in 1925 and 1926 and later Dick 
and Dick* in 1929 published their data to show that erysipelas strains represent 
not only a serologic entity, but that neutralization of toxin by antitoxie serums 
runs strictly along disease-specific lines, other investigators asserted opposite 
findings. Ando* and Toyoda® in 1928 and 1929 did not find any evidence that 
toxins from hemolytic streptococci from scarlet fever, erysipelas and puerperal 
fever could be differentiated from each other. 

In 1931 Wheeler® brought out that a hemolytic streptococcus responsible 
for many cases of sore throat in an epidemic of this disease was identical with 
hemolytic streptococcus strains from several cases of scarlet fever that oc- 
eurred within the same sore throat epidemic. The toxins from both the sore 
throat and scarlatinal strains were similar to the toxin from a cow’s mastitis 


*Received for publication, May 6, 1936. 
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strain when their neutralization with two antitoxic serums was carried out 
(one of them being the serum of the diseased cow). The author concluded 
that there was no evidence for supporting the ‘‘disease specificity’’ of toxins 
from hemolytic streptococcus from any disease caused by this organism. 


In 1932 O’Kell? described clinical observations on interrelationships be- 
tweeil erysipelas, puerperal fever, and pyogenic infections that made him adopt 
the ‘‘unitarian’’ point of view and explain the different clinical manifestations 
of streptococeal toxemias by ‘‘subtle conditions of tissue susceptibility.”’ 


While the above mentioned studies were concerned in toxins from different 
diseases, Park® in 1925 and Williams® ?° in 1925 and 1929 brought out the 
structural multiplicity of a given toxin and thus explained the known fact 
of a toxin completely neutralized by a given antitoxin in some individuals and 
not neutralized in others. The complex structure of a single toxin was later 
corroborated by Hooker and Follensby' in 1934. The antigenic structure of 
toxins as it affects their valency was most extensively investigated by Wheeler’ 
in 1932. This author and also Wadsworth’ further studied the effect of dif- 
ferent scarlatinal toxins on the valency of antitoxins produced by them. They 
found that the broad capacity of antitoxins to neutralize toxins from different 
diseases depended solely on the valency of both irrespective of their patho- 
logie origin. 

While Williams in her book Streptococcus in Health and Discase' espe- 
cially strongly brings out the endotoxie factor in erysipelas (in addition to 
the exotoxic), Svymmers!* and Symmers and Lewis’ publish their observa- 
tions on the treatment of erysipelas with antitoxic serums. The action of anti- 
toxic serums in conditions characterized by bacterial invasion was studied by 
Parish and O’Kell.’* They pointed out that in conditions characterized by bae- 
terial invasion while it would be impractical to attempt treatments with endo- 
toxic (antibacterial) serums due to the great variety of types among different 
strains, the action of purely antitoxie serums not only effects neutralization 
of the circulating toxin, but has an arresting effect on the spread of the infee- 
tion itself. The necessity for ‘‘specifie serums’’ particular for each strepto- 
eoecal disease is denied by them. 


EXPERIMENTAL 


1. The Incidence of Toxic Filtrates From Scarlatinal and Nonscarlatinal 
Hemolytic Streptococci—Seventy-two strains of hemolytic streptococci from 
conditions other than searlet fever were used for the production of experi- 
mental toxins. These included 48 strains from erysipelas, 4 strains from septic 
sore throat and 20 from cases of septicemia following pneumonia, otitis media, 
puerperal fever and other pyogenic conditions. 

Sterile filtrates were produced following the same procedure which is used 
for the production of the routine scarlatinal toxins: Standard amounts of 
trypsin broth (modification of the Douglas and Onslow method) were inocu- 
late with a second broth transplant from blood-agar culture, kept in incubator 
for four days and, after addition of 0.5 per cent phenol, filtered through a 
Seitz filter. The toxicity of all the filtrates was accurately tested against the 
scarlatinal standard toxin supplied by the National Institute of Health, after 
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it had been ascertained that standardization of these erysipelas filtrates against 
our own ‘‘standard’’ erysipelas toxin C3 gave the same results. These toxins 
were subsequently used for cross-neutralization with different antitoxins, and 
we found that filtrates with a toxicity below 2,000 8.T.D. in 1 ¢.c. would not 
give clear-cut tests. For this reason, we selected 1:200 as a starting point 
for orientation: All new filtrates were tested in 1:200 and according to the 
results were considered toxic, weak or negative. If a given toxin in a dilution 
of 1:200 or higher gave reactions comparable with reactions produced by 1 
S.T.D. of the standard searlatinal toxin, it was considered toxie and the inci- 
dence of these was compared with a similar incidence among toxins of sear- 
latinal origin. If a dilution of 1:200 produced no reactions at all, they were 
considered ‘‘negative’’ or nontoxic. If, however, a filtrate in a dilution 1 :200 
gave in susceptible individuals reactions smaller or paler than a reaction pro- 
duced in the same individual by 1 8.T.D. of the standard searlatinal toxin, 
we considered such a filtrate weakly positive. In some instances such weak 
toxins were retested in dilutions of 1:100 and found in this dilution to produce 
reactions comparable to those produced by 1 S.T.D. of the standard toxin. 
These toxins were designated as containing 1,000 8.T.D. per 1 ¢.c. and placed 
in the category of ‘‘weak’’ toxins. In order to avoid erroneous results accom- 
panying rough testing of toxins on animal skins, all filtrates were tested on 
children’s skins. Thus of the 72 filtrates tested, we found the distribution in 
separate groups as shown in Table I. 


TABLE I 


72 FinTRATES FrRoM NONSCARLATINAL HEMOLYTIC STREPTOCOCCI 


ERYSIPELAS OTHERS 
THROAT 


Toxie filtrates 36 75.0% 
(2,000 S.T.D. or more) 
Weak filtrates 7 14.5% 
(1,000-2,000 8.T.D.) 
Nontoxie 5 10.5% 
(Less than 1,000 8S.T.D. 


Total strains in each group 48 


The significance of these results could be clearly seen from a comparison 
made with another group of filtrates produced with hemolytic streptococcus 
strains from scarlet fever. Of 99 strains taken partly from our regular 
laboratory stock and partly freshly isolated from throats of scarlatinal patients 
in Willard Parker Hospital, the following distribution was found: 21 toxic 
(2,000 S.T.D. or more), 17 weak (between 1,000 and 2,000 S.T.D.), and 61 
negative. Table Il summarizes all results. 


At this point we wish to bring out the fallacy of figures based on arbi- 
trarily chosen boundaries for classification as we have selected in this case. 
As we stated above, 1:200 was chosen by us for separation of the toxic from 
weakly toxic and nontoxic strains empirically, for this was roughly found to 
be the lower limit of toxicity suitable for neutralization tests on rabbits. How- 
ever, an interesting change in proportions appears when we raise the limit to 
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TABLE IT 


99 TOXINS FROM SCARLET 72 TOXINS FROM CONDITIONS 
FEVER STRAINS OTHER THAN SCARLET FEVER 

NO. OF CASES PER CENT NO. OF CASES PER CENT 

2,000 S.T.D. or more 21 21.6 44 61 

1,000-2,000 8.T.D. 17 17.0 10 14 

Less than 1,000 S.T.D. 61 61.6 18 25 
Total 99 strains 72 strains 


a higher level of toxicity, for instance, if instead of 1:200 we should select 
1:300 as a dividing point between toxie and weak filtrates, as Table IIT shows. 


TABLE IIT 


99 TOXINS FROM SCARLET | 72 TOXINS FROM ERYSIPELAS 
FEVER STRAINS AND OTHER CONDITIONS 
NO. OF CASES | PER CENT 


“3,000 S.T.D. or more 18 
Between 1,000 and 3,000 S.T.D. 22 41 | 57 


The percentage of ‘‘toxie’’ strains in the nonscarlatinal group drops from 
61 per cent to only 18 per cent which is about the same as in the scarlatinal 
group. On further analysis of these ‘‘toxic’’ strains it is found (Table IV) 
that while there is slight numerical prevalence in the lower and middle 
brackets in the nonsearlatinal group, higher toxins containing 10,000 to 15,000 
8.T.D. are found only in the searlatinal group. 


TABLE IV 


16 TOXIC SCARLATINAL 13 NONSCARLATINAL 
STRAINS STRAINS 
NO. OF CASES PER CENT NO. OF CASES PER CENT 
3,000- 5,000 S.T.D. 7. 7 9.8 
5,000-10,000 S8.T.D. 6 8.3 
10,000-15,000 S.T.D. ¥ 0 0 


We are bringing out these points because they are in contrast with the prevail- 
ing idea: first that scarlatinal filtrates are in general more frequently toxic 
than nonsearlatinal, and second that individual scarlatinal filtrates are con- 
siderably higher in toxicity than the nonscarlatinal. As Table III shows, the 
first argument is not justified in our experience with 99 searlatinal and 72 
nonsearlatinal strains. As to the second argument, the same table does show 
that filtrates with a toxicity above 10,000 S.T.D. are not found in this group 
of 72 nonsearlatinal strains, whereas 4 per cent of the 99 scarlatinal strains 
produce toxins within the limits of 10,000 and 15,000. Neither the superiority 
in potency nor the incidence of these ‘‘superior’’ toxins is outstanding enough 
to be used as a differentiating characteristic. However, it should be mentioned 
that the three strains of Streptococcus hemolyticus known to produce the most 
powerful toxins (not included in the above tables) also belong to the scar- 
latinal group, the Dochez N.Y.5 strain, the Dick I strain, and the so-called 2,2) 
Strain (isolated by Dr. Anna Williams from an early case of scarlet fever). 
These strains were already selected by their discoverers from other more or 
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less large groups of hemolytic streptococci, obviously for their outstanding 
toxicity, and for this reason we have not included them in the group here 
presented. 

The impression one gains from Table IV is that there is no indication that 
strains of higher toxicity could not be found among the nonsecarlatinal groups 
if greater numbers were tested. On the other hand, the question of why so 
many strains isolated from typical cases of scarlet fever (which frequently 
give almost pure cultures with the first plating) fail to produce toxic filtrates 
in vitro, is not understood by us. If the theory that hemolytic streptococcus 
exotoxin produces the scarlet fever rash is correct, then the only explanation 
for the above fact is that none of the artificial media generally in use for the 
production of toxins in vitro, contain that essential element, which exists in 
vivo and which assures the exotoxic manifestations of hemolytic streptococcus 
in searlet fever. 

2. Cross-Neutralization of Scarlatinal and Erysipelas Exotoxins With Scar- 
latinal and Erysipelas Antiserums.—It has been suggested that cross-neutraliza- 
tion of toxin-antitoxin mixtures from different pathologic conditions is due to 
inaccurate work with nonstandardized ingredients. In order to clear up this 
point we planned a series of experiments so as to bring out the element of 
comparative quantities if any cross-neutralization takes place. 

For one of the experiments, we selected cross-neutralization of an ery- 
sipelas exotoxin with a known searlatinal antitoxin and this done alongside 
with neutralization of a scarlatinal exotoxin with the same antitoxin. The 
standard toxin 1927 and standard antitoxin Bi; were used as the known 
reagents, whereas erysipelas exotoxin produced from our erysipelas strain Cs; 
was selected as the ‘‘unknown”’ toxin. In the very beginning the question of 
standardization of this toxin came up, so that a proper test dose could be 
selected. As there was no other practical method available, our first orienta- 
tion had to be made by comparison with the standard searlatinal toxin. Thus, 
we found it to be approximately 5,000 to 7,500 S.T.D. per 1 ¢.e. With this 
initial information the test which appears in Protocol 1 was planned and 
earried out. 

These tests were carried out in our early stage of experience with neutraliza- 
tion of toxin on rabbit skins, when each individual rabbit was unknown as 
to the degree of its skin sensitivity to the toxin. In order to assure definite 
results, the comparative tests were planned in two series of dilutions, where 
both the amounts of the toxin test dose (5 S.T.D. and 50 S8.T.D.) and the 
amounts of the neutralizing standard serum were varied. Protocol 1 clearly 
shows, that whereas the 1:50 dilution of the erysipelas toxin is completely 
neutralized, with the whole series of the higher standard serum dilutions, 
similarly to the analogous amount (1:350) of the standard toxin, the larger 
test dose of the same erysipelas C3 toxin, the 1:5 dilution is neutralized only 
with the larger amount of the serum, giving a clear-cut end-point at the same 
level of the series as in the analogous series with the standard toxin. This 
holds true in both Rabbits A and B. It will be noticed that there is a slight 
difference in the behavior of each rabbit skin toward the smaller test doses of 
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the two toxins. Whereas Rabbit A indicates an end-point of 1:200 for the 
standard toxin and no end-point or complete neutralization for the same point 
of the C3; toxin, Rabbit B does just the opposite; there is an end-point for 
toxin Cz; at 1:200 of the standard serum and no end-point or complete neu- 
tralization at the same point for the standard toxin. This reveals only the 
individual variations of different rabbits in their susceptibility to one or the 
other toxin. The entire test not only reveals cross-neutralization of an ery- 
sipelas toxin with a standard scarlatinal antitoxin, but also brings out quan- 
titative relationships in a comparative test. It also reaffirms the justification 
of standardizing an erysipelas toxin (C3) against searlatinal toxin (1927) as 
was done in this case in the preliminary toxin standardization test on children. 
In the next experiment a reversed situation was arranged; one toxin 
erysipelas C3 neutralized by an erysipelas antitoxin and cross-neutralized by 
a searlatinal antitoxin on the same rabbit at the same time. For a scarlatinal 
antitoxin a purified concentrated monovalent serum produced with the N.Y.5 
was used. This we obtained from the New York State Laboratory. In the 
absence of a monovalent erysipelas serum, we were compelled to use a purified 
preparation for a serum, the horse of which received for immunization several 
erysipelas toxins including the Cz; strain. At no time did this horse obtain a 
searlatinal toxin. The results of this experiment are shown in Protocol 2. 


In this test similarly to the previous one we again used two different toxin 
test doses for neutralization: 1:75 (5 S.T.D.) and 1:15 (25 S.T.D.). The 
margins for dilutions of the two antitoxins were also varied for the two sets: 


1 1 1 1 1 1 
1000 to 7000 and 300 to i000 for the searlatinal antitoxin and 100 to 400 


and = to — for the erysipelas antitoxin. This selection of widely different 
dilutions between the scarlatinal and erysipelas antitoxins was based on pre- 
vious titrations of these antitoxins which gave about 800 units for the scar- 
latinal preparation and 60 to 80 units for the erysipelas one. Protocol 2 shows 
a condition dissimilar to the one observed in Protocol 1: that smaller test 
doses of the toxins with the higher dilutions of the antitoxin gave more satis- 
factory results than the larger toxin doses with lower dilutions of antitoxin. 
(The advantage of employing two sets of toxin + antitoxin mixtures in a test 
of this nature is thus seen from these two protocols.) The outstanding fact 
brought out in this experiment is essentially the same as in the previous one: 
an erysipelas toxin is neutralized by a monovalent antiscarlatinal antitoxin 
parallelly to its neutralization with an erysipelas antitoxin. This parallelism 
follows the quantitative relationships of the antitoxins. A scarlatinal anti- 
toxin of approximately tenfold strength requires approximately one-tenth the 
amount of the weaker erysipelas antitoxin to completely neutralize an ery- 
sipelas toxin. To make more certain the unit for unit and test dose relation- 
ship, we finally planned the following experiment, for which the reader is 
referred to Protocol 3. 

This experiment consists of the same erysipelas toxin C3 neutralized by the 
same erysipelas antitoxin as in test of Protocol 2, but instead of the purified 
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and concentrated antiscarlatinal preparation, the standard antitoxin Bi, was 
used. This test of one toxin being neutralized by two different antitoxins is 
supplemented by another: toxin, Stand. 1927 neutralized by the same Stand. 
Bu: antitoxin as a check on the whole system. The results are clear. In the 
first two columns of Rabbit D, a slight excess of neutralization by the ery- 
sipelas serum over the scarlatinal serum is apparent. In Rabbit E there is 
even more correspondence between the amounts of different serums neutraliz- 
ing the erysipelas toxin, while the last column in the protocol suggests a 
tendency in the standard searlatinal serum of better cross-neutralization of 
the erysipelas toxin than of direct neutralization of its own toxin. 

3. The Incidence of Hemolytic Streptococcus Exotoxrins Similarly Neutral- 
ized by Scarlatinal and Erysipelas Antiserums.—The tests included in the above 
protocols were selected from a number of similar tests bringing out the same 
point. These serums had either N.Y.5 or Cy as their antigen and gave similar 
neutralization of the test toxins, whether searlatinal, N.Y.5, 22, and Dick IT 
or erysipelas Cy. This similarity was determined on the basis of unit value 
and skin test doses instead of simply ‘‘dilution’’ of an ingredient irrespective 
of its potency. Next we were interested to see whether the overlapping rela- 
tionships described above were confined to the small group of exotoxins pre- 
viously studied or whether they extended to most of the known toxins. We 
therefore decided to cross-neutralize all the available nonsearlatinal (ery- 
sipelas and others) toxins with the two representative antitoxins, N.Y.5 and 
C;, and compare the numbers of positively neutralized toxms on each side. 


TECHNIC OF NEUTRALIZATION TESTS 


A. General Considerations.—In the early part of this study cross-neutrali- 
zation tests on rabbits were done with the precision of quantitative tests de- 
seribed above. However, we felt that for practical purposes this was not neces- 
sary. Even with a much reduced number of dilutions for each individual toxin 
a number of rabbits would have to be used for only two or three toxins under 
investigation. Often a test had to be repeated because the particular toxin 
test dose used for neutralization and indicated in a preliminary ear test 
for the rabbit’s susceptibility, was not justified in the test proper, by being 
too small or too large. On the other hand, we would come across rabbits that 
were not susceptible to the particular toxin while showing clear-cut suscep- 
tibility for the standard toxins, N.Y.5 or Cs. In such eases the same test 
would be repeated several times until satisfactory, clear-cut results would 
appear. Occasionally a filtrate that was clearly shown to be in the 2,000 to 
5,000 S.T.D. grade of toxins, according to tests on human beings, was not 
toxic for rabbit skins at all or gave only uncertain results. We therefore 
classified all the neutralized and cross-neutralized filtrates as: positive, nega- 
tive, partial, and uncertain, meaning that they were respectively neutralized, 
not neutralized, only partially neutralized giving a reduced reaction when 
mixed with the particular serum, and finally the repeatedly nonclear-cut 
results were classified as uncertain. 


B. Arrangement of Test——In the beginning of this study a series of toxins 
was neutralized by only one of the two serums on a group of rabbits and the 
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same series of toxins neutralized by the other serum on another group of rab- 
bits. Later we changed this by reducing the number of toxins in a test but 
neutralizing them with both serums on the same group of rabbits. We felt 
that such a procedure would give a better comparison as to the action of the 
two antitoxins on the same toxins. The results given below are the summary 
results of these two methods and Protocols 4 and 5 are examples of two such 
tests. 

C. Dilution of Ingredients.—As to the amounts of antitoxin and the various 
toxins employed, the following technie was worked out: All the toxins after 
preliminary standardization on children were used in two different dilutions, 
each representing a larger and smaller test dose comparable with similarly 
larger and smaller test doses of the control toxins N.Y.5 and Cs; used in the 
test. These larger and smaller toxin test doses varied with different groups 
of rabbits according to their susceptibility, as described in a previous report.'® 
The larger dose was always 10 or 5 times greater than the smaller dose. The 
use of such two different size doses gives a better insight into the degree of 
neutralization and brings out finer quantitative distinctions than if only one 
dilution had been used for rough testing. For the same reason, the neutraliz- 
ing serum was also used in two different amounts. For practical purposes, 
we found 1:10 and 1:80 of each serum enough to bring out the facts sought 
by us. The following two protocols give an outline of a test as done in the 
earlier and later part of the work. As is seen in the protocols, each test is 
accompanied by full controls of the test serums neutralizing their own toxins 
and_also each other’s toxin (Protocols 4 and 5). 


ProrocoL 4 


TOXINS + ANTISCARLATINAL SERUM N.Y.5 (H.580) 


4380 


TOXINS | TOXIN | 

| DILU- 24 HR. | 48 HR. 

| TIONS } TIONS | 

“41:5 /15x15+> | 1: 25 | 10x 14+ | 10x 10+ 
| 1: 7.5 | | 20x22 
| 15 xX 19H 15K 154+< | 1:37.55 x 17+ | 
1: 20 |20x224 |18x18+S 11x 15+ |15 x 


DILU- | 24 HR. | 48 HR. 24 HR. 48 HR. 


| TOXIN 
| 


325 
215 
375 


1:100 |18x19+S | x 
19x 2045 | 10x 10+ : - 


1:50 | 12x12+ x 15+ 
: 200 |20x20++ [19x 18++ : | x 
N.Y.5 | 1:1000 |18x 1545 | x - 


The number of toxins tested in each rabbit varied with the size of the rabbit; 
usually two or three unknown toxins were tested. With larger animals we 
were able to include four toxins besides the N.Y.5 and Cz; controls. As a result 
of these tests the following figures were obtained: 


1. Total number of nonscarlatinal toxins 72 


2. Total number of standardized toxins cross-tested with 
searlatinal and erysipelas serums 


| 


KOLCHIN ET AlL.: ANTIGENIC RELATIONSHIPS OF EXOTOXINS 


Of the 54 cross-tested toxins: 


3. Total number cross-neutralized toxins with definite 


results 
4. Total number of uncertain results 
In the 37 cross-neutralized toxins with definite results, the following re- 
lationships were found (Table V). 


TABLE V 


NONSCARLATINAL TOXINS 


Bee SERUM| WITH SERUM| NUMBER IN |PER CENT IN| TOTAL 
N.Y.5 |/EACH GROUP | EACH GROUP | PER CENT 


| Toxins Similarly Neutralized 


rum 
Neutralized with neither se- | 
rum 


Partially neutralized with | 
either | + 


Dissimilarly Neutralized Toxins 


Neutralized with N.Y.5 only | + | -ort 
Neutralized with C, only - ort + 


Table V shows that of a total of 37 nonscarlatinal heterogenous toxins 32 
or 86.5 per cent act similarly as to their neutralization with either the ery- 
sipelas or searlatinal antiserum. If we separate from this heterogenous group 
31 erysipelas toxins, we find 26 or 85 per cent similarly affected by either the 
searlatinal or the erysipelas antiserum. F 

Before summarizing and drawing conclusions we wish to present one more 
protocol which will emphasize the following point. While erysipelas exo- 
toxins are neutralized by a scarlatinal antiserum produced with a suitable 
strain of hemolytic streptococcus (in this ease N.Y.5), not all erysipelas exo- 
toxins are neutralized by any erysipelas antitoxin produced with any ery- 
sipelas strain. The following is an illustration. A horse immunized with two 
erysipelas toxins, Cz; and 37F, has developed considerable antibodies against 
37F and almost none against C3. This serum was used by us in a test for 
the action of the 37F factor on other erysipelas exotoxins. Protocol 6 repre- 
sents one of a limited number of tests so far tried with erysipelas and other 
toxins. 


The three toxins included in this protocol are all of erysipelas origin. 
Toxin C,3 while completely neutralized with the scarlatinal N.Y.5 antiserum, 
is only slightly affected by serum 37F. Toxin C22 also neutralized by the 
Scarlatinal serum, is not neutralized by the erysipelas serum, and finally toxin 
Ce; is almost completely neutralized by both. There are other indications 
that strain 37F (erysipelas) producing an exotoxin with factors different from 
our erysipelas C3 exotoxin is similar to some scarlatinal exotoxins which in 
turn are different from N.Y.5 or Dick II searlatinal toxins. The study of these 
“‘different’’ toxins, delayed for the lack of antiserums, will be reported else- 
where, 
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SUMMARY 


1. In a group of 99 searlatinal and 72 nonscarlatinal (predominantly ery- 
sipelas) hemolytic streptococcus filtrates a proportionally greater number of 
‘‘nontoxie’’ filtrates (containing less than 1,000 S.T.D.) was found in the 
searlatinal group. 

2. Toxins with moderate toxicity (between 2,000 S.T.D. and 3,000 S.T.D.) 
are more frequent in the erysipelas group, while the 10,000 to 15,000 S.T.D. 
per 1 ¢.c. toxins are found in 4 per cent of the entire searlatinal group and 
in none of the nonsearlatinal group. 

3. Searlatinal exotoxins 2,2), N.Y.5, Dick II and erysipelas exotoxin Cs, 
cross-neutralized with different antiserums produced with N.Y.5, and Cz strains, 
show antigenic interrelationships qualitatively and quantitatively similar. 

4. Eighty-seven per cent of a group of 37 nonsearlatinal toxins ineluding 
85 per cent of 31 erysipelas toxins are equally affected by either a scearlatinal 
(N.Y.5) or an erysipelas (C3) antiserum. 

5. An erysipelas antitoxin (37F) does not neutralize some of the erysipelas 
hemolytie streptococci filtrates, which are neutralized by an antisearlatinal 
serum. 


CONCLUSIONS 


1. Facts are presented confirming the findings of other workers that the 
exotoxins of hemolytic streptococci, although differing qualitatively, are not 
disease specific. 

2. Hemolytie streptococci from any source are rarely strong toxin pro- 
ducers under laboratory conditions; the few known strong toxin producing 
strains belong to the scarlatinal group. 

3. Since the most potent antitoxie serums are produced by strong toxins, the 
presented facts point to the selection of strongest known scarlatinal hemolytic 
streptococcus toxin producers for manufacturing of antitoxic serums against ery- 
sipelas or any other disease with symptoms of hemolytic streptococcus toxemias. 

4. For the neutralization of the erysipelas exotoxins not neutralized by 
either erysipelas Cz or searlatinal N.Y.5 antiserums, the finding of strong toxin 
producers of correspondingly different antigenicity is necessary. Such strains 
irrespective of their pathologie source may also serve to neutralize the scar- 
latinal exotoxins not covered by N.Y.5. Researches in this direction are in 
progress. 
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FURTHER STUDIES IN THE TREATMENT OF AGRANULOCYTOSIS* 


Tue Errect or INJectrions or Liver Extract AND MiLK PROTEIN 
ON THE BLioop AND BoNE Marrow oF THE Rat 


Reicu, M.D., ELeanor Reicn, New York, N. Y. 


N A previous paper! the authors reported on the stimulating and maturative 

effect of injections of pentnucleotide on the hematopoietic system of the rat. 
The practically negative experimental results cast some doubt on the value 
of pentnucleotide in the treatment of agranulocytosis. 

At present, injections of liver extract and milk protein are being widely 
used to stimulate the production and improve the maturation of granulocytes. 
Our clinical experience with these substances has not been very conclusive, 
and we decided to try their effects on the blood and bone marrow of the rat. 

On one group of animals the effects of repeated injections of large doses 
of liver extract or milk protein alone were studied, while in another group 
the bone marrow was first depressed with benzol before the substance was 
injected. Control groups of rats in which saline was injected were run at the 
same time for each group. The peripheral blood and bone marrow were ex- 
amined in each case for evidence of stimulating or maturative effects of the 
injections on the blood cells. In the blood the Schilling count was employed 
as a eriterion of these changes, while the bone marrow cells were studied in 
smears. 


Technic——The rats used were about eight to ten weeks old. For the ex- 
periment with liver extract or milk protein alone, single counts were done on 
ali the animals before the injections were begun. One-half were then given 
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daily injections of 1 ¢.c. of liver extract or milk protein for seven days, while 
the controls were given 1 ¢.c. saline daily for the same length of time. Counts 
were then repeated on the entire group, and they were killed and bone marrow 
smears were made from the femur. For the experiment with benzol and the 
substance to be tested, another group of rats was selected, and all were given 
daily injections of 1/6 ¢.c. of benzol in olive oil until the total leucocyte count 
in the blood was about 400. This required about 7 injections. Several of these 
rats were killed and the bone marrow was found to be almost devoid of poly- 
morphonuelear leucocytes. One-half of the remaining group were now given 
daily injections of 1 ¢.c. of liver extract or milk protein for seven days and 
the other half were given 1 ¢.c. of saline for the same length of time. Counts 
were then done and bone marrow smears made as above. In doing the differ- 
ential count, Jenner Giemsa stain was employed and the polymorphonuclear 
leucocytes were classified according to the Schilling index. The bone marrow 
smears were made on slides and stained with Jenner Giemsa stain, the Giemsa 
stain being left on the slide for one-half hour. <A differential count of 1,000 
cells was done, using a square diaphragm in the ocular, such as is used in 
enumerating reticulocytes. 


The experimental data are shown in Table I. Ten animals were used in 
each group. 


TABLE I 


AVERAGE =| NEUT. POLY. |NEUT. POLY. | IN 
c's W.B.C. AFTER| PER CENT PER CENT | 

INJECTION 


tOW A 
INJECTION INJECTION 


AU 
Exper. 1 Rats injected 2,800 4,200 15.5 | 25.7 } 2.8 

| 


with milk 
protein 
Exper. 1 Control rats in- 4,800 6,000 12.7 24.4 
jected with 
saline 
Exper. 2. Rats injected 10,000 14,000 32.6 35.0 31.1 
with liver ex- 
tract 
Control rats in- 10,100 14,500 33.7 34.9 32.6 
jected with 
saline 
Exper. 3 Rats injected 5,800 54.3 26.8 
with benzol 
followed by 
milk protein 
Exper. 3 Control rats in- 6,000 33.2 37.7 
jected with 
benzol fol- 
lowed by sa- 
line 
Exper. 4 Rats injected 12,600 55.4 34.8 
with benzol 
followed by 
liver extract 
Exper. 4 Control rats in- 8,100 33.5 29.3 
jected with 
benzol fol- 
lowed by sa- 
line 
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DISCUSSION 


A study of the experimental data reveals that in the rat injections of milk 
protein have very little effect in stimulating or improving the maturation of 
the white blood cells. The total white count, Schilling index and bone marrow 
differential react about the same after saline injections as after milk protein. 
Regeneration after benzol poisoning occurs almost as quickly with saline in- 
jections as with milk protein. 

Liver extract, first used with apparent success by Foran, Sheaff and 
Trimmer,” gives a better response. Its effect is especially marked after benzol 
poisoning. The liver extract probably acts by stimulating the bone marrow, 
since the number of polymorphonuclears is increased, not only in the peripheral 
blood, but in the bone marrow as well. However, the results with liver extract 
are far from startling, and it is not surprising that Jackson and Parker* and 
Heck* found it to be of little value in their cases of agranulocytosis. Neverthe- 
less, there are no detrimental effects following intramuscular injections of this 
substance, so that cases of agranulocytosis should be given the benefit of a trial 
with such therapy. 

CONCLUSIONS 


1. Injections of milk protein were of very little value in stimulating or 
improving the maturation of the granulocytes of the rat. 

2. Injections of liver extract had a moderate stimulating effect on the 
blood and bone marrow of the rat. 


3. Cases of agranulocytosis should be given the benefit of a trial with 
liver extract injection therapy. 
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LABORATORY METHODS 


PREPARING PERMANENT SMOKED-PAPER TRACINGS* 
Vines Couuirr, Jr., Wasuineton, D. C. 


HE satisfactory preparation of permanent smoked-paper tracings, such 
as myographs or kymographs, is extremely difficult. Particularly is this 
true in teaching laboratories of physiology and pharmacology where a hun- 
dred cr so such records are made each period. After careful study and ex- 
perimentation, I have evolved a system which is now being regularly em- 
ployed in the physiology laboratory here at Georgetown with perfect success. 


We normally have about 120 students working in the main laboratory, 
so we have set aside a small room, just off from this laboratory, to be used for 
preparing records. Here the glazed paper, which has been affixed to the 
kymograph drums, is smoked over a benzene flame in the usual manner. After 
the student has completed his tracing he cuts the paper from the drum and 
fastens a clip on each end. 

These clips are made from ordinary spring clothespins in the following 
manner. A piece of brass rod or tubing of 4% inch diameter is cut 14 inch 
shorter than the width of the glazed paper used. We use paper 714 inclies 
wide so the rods are cut in 634 inch pieces. A spring clothespin is soldered 

*From the Department of Physiology, School of Medicine. Georgetown University. 
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to each end of the rod after passing it through the center of the metal spring. 
A drop of acid is placed on the spring and rod and a rosin-cored solder is 
used. The advantages of using these clips are: 


1. It provides a perfect means of holding the paper during the 
shellacking. 

. The clips prevent the paper from curling while drying. 

. The bottom clip has sufficient weight to prevent gusts of air 
blowing the wet papers and causing the adjacent tracings to 
stick together. 


After placing the clips on each end of the paper it is run through the 
shellacking tank. The shellacking tanks are connected by rubber tubes to 
aspirator bottles of one gallon capacity. To fill the tanks the bottles are 
placed on a shelf above the tank, thus causing the fluid to run in by gravity. 
When not in use, the bottles are placed on a shelf below the tank and the 
shellae flows back into the bottle, preventing undue evaporation of the solvent. 
We dilute one part of ordinary commercial shellae with three parts of aleohol, 
allow it to settle and drain off the clear supernatant fluid. This gives a thin, 
quick-drying shellae which perfectly protects the tracings. 

When the record has been shellacked and the excess fluid drained off it is 
hung up to dry. The drying racks are made by boring holes in the tops of 
ordinary spring clothespins and stringing them on picture-hanging wire. 
This wire is stretched taut at such a height as will permit the record to hang 
free. The clip on the wire is fastened to the middle of the brass rod of one 
of the paper-holding clips. 


It is advisable to place a drip pan underneath the drying rack, although 
this is not necessary if the students are made to thoroughly drain their trac- 
ings over the shellac tank before hanging them up to dry. 


STUDY IN THE DIFFICULTIES ENCOUNTERED IN THE FRIEDMAN 
TEST, AND A NEW MODIFICATION USING BLOOD SERUM* 


AuBert M. pt Giora, A.B., SAN FRANcisco, CALIr. 


INCE the original Aschheim-Zondek test, there has been one modification 

worthy of note, namely, the Friedman test. It has been reported as being 
practically infallible after the tenth day, following the first missed period fol- 
lowing suspected conception. 

In this test the rabbit is killed and autopsied twenty-four to thirty-six 
hours after injection, preferably thirty-six hours. Since in some instances a 
positive result is obtained in twelve hours, it has been recommended to inject 
two rabbits; the first, autopsied at twelve hours; the second, at twenty-four or 
thirty-six hours. In some communities laboratories have found it unprofitable 
to breed and raise rabbits, therefore purchasing them from some local dealer. 
Even then, the cost has been formidable, so that only one animal has been 
used, it being held and killed at the maximum time limit of thirty-six hours. 

Many workers have encountered difficulties other than that of obtaining 
suitable rabbits, the principal ones being: (1) Shock following injection of 
the urine, and (2) false negative or positive reactions. Hoffmann described 
a technic which eliminates most of these difficulties, particularly shocks, and 
false negative reactions. 


SHOCK FOLLOWING INJECTION OF URINE 


There may be four possible contributing causes of death to the rabbit due 
to injection of urine. 

1. Rapid Injection of the Urine.—It is advisable to give the injection ex- 
tremely slowly; better, to inject 2 or 3 ¢.c. of urine, followed six or twelve 
hours later with an additional injection of the same quantity. 

2. Large Doses of Aspirin; or, Quinine Taken by the Patient to Produce 
Menstruation.—This has a tendency to kill test rabbits. Probably the only way 
to overcome this is to instruct the patient to abstain from either of these drugs 
at least twelve hours before procuring the specimen. 

3. Inbred Rabbits——Only animals of the strongest constitution and raised 
under the most healthful conditions should be used. Inbred rabbits of a bad 
strain will succumb to injections of urine regardless of the caution used in 
slow injection. For this reason, it is advisable to procure a new stock of male 
rabbits for breeding once a year. 

4. Reaction of the Urine.—The reaction of urine should be adjusted by the 
addition of N/10 HCl, or N/10 NaOH until the pH lies between 6.8 and 7.4. 
Extremely acid or alkaline urines will tend to kill test rabbits. 


*Received for publication, April 23, 1936. 
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FALSE NEGATIVE OR POSITIVE REACTIONS 


1. Negative Reactions.—lf the specimen is obtained in less than ten days 


following the first missed period, the pituitary hormone may or may not be 
excreted in sufficiently large quantities. Then, there is at times a blockage 
of the hormone to the kidney which may occur even a month following sus- 
pected conception. In both cases a positive report may not be rendered. 


2. Positive Reactions.—It is generally supposed that the urine of patients 
having certain types of tumors (chorionic) may contain gonad-stimulating 
hormones, thus rendering a Friedman test positive. Even two months after 
removal or expulsion of the tumor a positive reaction may persist. 


HOFFMANN’S MODIFICATION 


In this modification blood serum is used. This necessitates drawing about 
25 ¢.c. of blood which may be taken at any time of the day. The rabbit may be 
autopsied within twenty-four hours, probably due to the fact that there is a 
larger amount of anterior hypophyseal hormone in the blood during earlier 
pregnancy. Too, only rarely will the reaction of the blood need adjustment. 

Technic.—Centrifuge blood specimen, and shake with ether to remove fatty 
substances; inject 10 to 13 ¢.c. of the serum into the marginal ear vein of the 
rabbit. 

It is hoped that this modification will supplant that in which urine is used; 
at least, perhaps, until some quicker, more efficient technic in early pregnancy 
diagnosis will be found. 

REFERENCES 
. Kolmer and Boerner: Approved Laboratory Technic, Chap. XXXVI, p. 611. 
. Dimmitt, P. 8.: Clinical Laboratory Methods, Philadelphia, 1934, F. A. Davis Co., Chap. 


XVII, pp. 189 and 140. 
. Zentralbl. f. Gynik., Oct. 15, 1932. 
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THE ACCURACY UF A NEW TECHNIC FOR MEASUREMENT OF 
RED BLOOD CORPUSCLE SEDIMENTATION* 


I. DorrMan, Pu.D., AND Brooks, PH.D., M.D., New Or veans, La. 


HIS investigation was undertaken to ascertain the limits of accuracy, and 

the factors influencing the determination of the sedimentation rate of red 
blood corpuscles, as measured with a new micropipette previously devised by 
one of 


For this study both human pneumonia blood and dog blood were used. 
Potassium oxalate (1 drop of a 20 per cent solution per 1 ¢.e. of blood) or 
heparint (1 drop containing 6 cat units per 1 ¢.c. of blood) was used as the 
anticoagulant. Each experimental result represents the mean of three simul- 
taneous determinations. The results are graphically shown by continuous 
eurves which are plotted to show changes in percentage of sedimentation of 
red blood corpuscles per unit time. 


Fig. 1 represents a typical sedimentation curve of oxalated blood from a 
pneumonia patient. This curve illustrates three distinct phases of the blood 
sedimentation: first (A) acceleration or induction; second (B) the phase of 
maximal speed of settling; and third (C) the phase of slowing and cessation. 

Table I illustrates the results of six simultaneous determinations to show 
the limits of accuracy of the sedimentation curves. The greatest variation is 
observed during the period ‘when the red blood corpuscles are falling at their 


TABLE I 


REPRODUCIBILITY OF SEDIMENTATION READINGS 


TEMPERATURE MINUTES MEAN DEVIATION FROM MEAN 


| 


int 


26.0° C. 
26.0° C. 


25.5° C. 


*From the Department of Pharmacology and Experimental Therapeutics, Louisiana State 
University Medical Center. 


Received for publication, April 20, 1936. 
*The heparin employed contained 15 cat units per milligram. 
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: 
26° C. 0 0 0 
: 3 2.1 -1.1 +1.9 
4 2.7 —0.7 +2.3 
6 5.0 —2.0 +2.0 
26° C. 7 6.7 —2.7 +3.3 
= 9 10.7 —3.7 44.3 
26° C. 11 15.6 4.6 +5.4 
13 20.3 
15 25.5 +4.5 
: 17 20.1 44.9 
26.5° C. 19 34.8 +4.2 
22 41.0 4+3.0 
96.5° C. 25 46.7 +1.3 
30 52.0 +2.0 
35 55.1 +0.9 
45 58.7 12.3 
60 60.7 +2.3 
Fi 90 62.7 +2.3 
a 105 63.3 +2.7 
120 63.5 +2.5 
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maximum rate, and they are strung out, making it difficult to read the columns 
accurately. The average angle made by the sedimentation curve and the 
horizontal, during the second phase (maximum speed of sedimentation), was 
69° with a variation from 67° to 70°. The results demonstrate reproducibility 
of the curves. 

The influence of changes in temperature is illustrated in Fig. 2. At 11° C. 
there is a remarkably slow settling of the red blood corpuscles compared with 


| 


Time in Minutes 


Fig. 1.—Typical red blood corpuscle sedimentation curve. 


that at 24° C. At 34° C., during the first phase there is a marked increase 
in speed, shortening the period of induction. During the second phase there 
is a slight increase in the speed from that of the 24° C. curve. 

Fig. 3 shows the influence of delay in performing the sedimentation test. 
For this experiment 4 ¢.c. of venous dog blood were drawn into a dry syringe. 
Two eubie centimeters of this blood were mixed with 2 drops of heparin solu- 
tion, and the other 2 ¢.c. of blood were mixed with 2 drops of potassium oxalate 
solution. The sedimentation rate was tested immediately; the blood was then 
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allowed to stand and the sedimentation test was again made at intervals as 
indicated in Fig. 3. The results show: first, delay causes slowing of sedimen- 
tation rate with both oxalated and heparinized blood; second, the effects of 
delay are shown much earlier with oxalated blood than with heparinized 
blood; and third, heparinized blood settles more slowly than oxalated blood. 

Fig. 4 shows the great acceleration of the sedimentation rate resulting 
from a slight deviation of the pipette from the vertical position. A change 
in the angle of the sedimentation pipette from 0° (perpendicular position) to 
5° causes a change in the maximum fall of the curve from a 35° angle to a 63° 
angle. At a 15° tilt in the pipette the maximum fall in the curve made a 74° 
angle with the horizontal. 


2 
= 


Time in Minutes 


Fig. 4.—Influence of change in angle of pipette from the perpendicular on the sedimentation 
of red blood corpuscles. 


SUMMARY 


The results of the new micro red blood corpuscle sedimentation technic 
previously devised by one of us are satisfactorily reproducible. The rate of 
rel blood corpuscle sedimentation is increased with increase in temperature 
and by tilting the sedimentation pipette. Delay after drawing the blood 
causes a slowing of the sedimentation rate. This is true for both oxalated 
and heparinized blood. 

REFERENCE 


1. Brooks, Clyde: J. Las. & Cun. Mep. 21: 971, 1936. 


AN INEXPENSIVE IMPROVED SHAKING MACHINE* 
S. L. SHanpatow, M.D., D.D.S., Brooktyn, N. Y. 


N EVERY pathology laboratory associated with a large hospital, there is 
urgent need for an oscillating or ‘‘shaking’’ machine. This is especially 
true now, since the precipitation tests for syphilis have come into vogue. 
Thus, in performing the Kline test a shaking machine is almost indispensable. 
Such a device, in addition to conserving time and the energy of technicians, 
serves the additional purpose of standardizing technies in the various tests 
in which the degree of admixture of the interacting elements constitutes a 
factor in the final reading. 

The most serious obstacle toward the ownership of such a machine is its 
cost, which is about sixty to seventy-five dollars. Since the proverbial poverty 


Fig. 1.—Photograph of oscillating machine. 


of the average pathology department would prohibit such an expenditure, it 
is frequently necessary to resort to ‘‘home talent’’ which was done in the 
present case, with the result that an efficient oscillator was designed and con- 
structed at a cost of approximately three dollars. 

Briefly, the apparatus consists of a wooden platform on which is mounted 
a small 1/32 H. P. universal motor connected by a belt to a flywheel. The hub 
of the flywheel bears an eccentric rod which attaches to a shallow tray fixed 
upon metal runners sliding in metal tracks. The rapid revolutions of the 
motor are reduced to a lower speed by the flywheel, and through the medium 
of the eccentric rod, the rotary motion is converted into horizontal to-and-fro 
movement of the tray holding the slides or tubes. Careful observation of the 
rate and amplitude at which the laboratory technicians were accustomed to 
shake the Kline slides by hand before ‘‘reading’’ them revealed it to be 200 
*From the Department of Pathology, Cumberland Hospital. 
Received for publication, April 21, 1936. 
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to 300 times per minute through a horizontal distance of about one inch. 
Consequently, in order to obtain the proper rate of oscillation of the slide tray, 
it was necessary to gear down the speed (R.P.M.) of the motor. This was 
done by selecting a motor with a 14 inch shaft, on which was fastened a 3x 
inch pulley wheel. The diameter of the flywheel employed obviously depends 
upon the R.P.M. of the motor. This diameter may be determined by applying 
the following approximation: 


R.P.M. of motor Diameter of flywheel (X) 


Desired rate of oscillation (200) ™ Diameter of motor pulley (3 inch) 


Once the proper flywheel is obtained, it is suspended from one side by a sturdy 
support and an eccentric rod is connected to the hub at a distance of 1% inch 
from the exact center of the wheel, thus imparting a one-inch horizontal 
oscillation to the attached slide-tray with each complete revolution of the 
flywheel. The tray for holding the slides or tubes resembles a sleigh, consisting 
as it does of a shallow box on metal runners. The latter are confined to well- 
oiled tracks composed of U-shaped metal strips which are fastened by their 
sides to wooden platforms. If it is desired to vary the speed of oscillation, 
a small wire or graphite variable resistance, such as those used for radio 
hookups, may be interposed in the circuit between the switch and the motor. 
Finally a coat of paint completes the job. 

All the parts required for this apparatus are obtainable at small cost at 
any machine or machinists’ supply shop and, with the aid of the hospital 
engineer or machinist, can be assembled with very little effort. The resulting 
oscillating machine is sturdy, practical, and adaptable to the innumerable 
uses which daily laboratory routine requires. 
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AN APPARATUS FOR SPRAYING THE NASAL PASSAGES OF MICE* 


EXPERIMENTS WitH Sr. Louis ENCEPHALITIS VIRUS AND 
FRIEDLANDER’s BACILLUS 


A. Coox, A.B., anp G. M. Dackx, Pu.D., M.D., Cuicago, 


HAT mice may be successfully infected with the virus of St. Louis enceph- 

alitis when inoculated by the intranasal route was demonstrated originally 
by Webster and Fite,! and confirmed by Armstrong,? Brodie,* and other 
workers. The favorite method of instillation is by dropping a small quantity 
of the material from a syringe directly into the nares of the anesthetized 
animal. Other methods that have been employed are insertion of the needle 
of the syringe into the external nasal passages with release of the inoculum 
and forced inhalation by holding the mouth and nose of the animal in a 
container of the infectious substance for a few seconds. 

In the course of our experiments with this virus, we wished to develop 
a technie of intranasal inoculation that would simulate more closely natural 
infection and yet would involve a minimum of risk to the worker. Inhalation 
of material suspended in sterile saliva and worked into a mist of fine droplets 
seemed to satisfy the first requirement. While such a technic has not as yet, 
to our knowledge, been used in the inoculation of mice with the virus of St. 
Louis encephalitis, it has been employed in studies of various bacteria, espe- 
cially the pneumonia-inciting group. Friedlander,‘ Wherry and Butterfield,® 
Stillman,® Griffith’ and others have described apparatuses for spraying mice 
with diverse bacterial suspensions. The general principle involved in each 
case has been the use of a hand spray connected to a chamber in which the 
mice were confined. The greatest disadvantages of such an arrangement are 
the danger in opening the chamber to remove the mice and the fact that the 
entire surface of the animal’s body is contaminated with the inoculum. 

To avoid these factors we devised the mechanical arrangement shown in Fig. 
1. The apparatus consists of a small tubular glass chamber, open at one end and 
containing two outlets. To one outlet, a nebulizer is securely connected by 
means of rubber tubing. The other outlet, designed with a glass bulb for 
equalization of pressure, is loosely plugged with cotton and connected with 
a very long rubber tube suspended at the free end over lysol solution in a 
tall glass cylinder. Over the open end of the chamber is tightly fitted a 
rubber diaphragm in which a small puncture hole is made to admit the snout 
of the rodent. 

In the experiments recorded, the spray was produced by means of a strong 
rubber bulb connected to the nebulizer. However if convenient an air-line 
regulated to very low pressure may be employed. 


*From the Department of Hygiene and Bacteriology, University of Chicago. 
Received for publication, April 23, 1936. 
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After spraying had been accomplished the chamber was blown out with 
air. Then the mouse was removed, a small cotton plug wrung out in 5 per 
cent lysol was placed over the diaphragm, the snout of the animal wiped off 
with alcohol, and the animal placed with others of the series in a wire cage. 
When an entire series was completed, the whole apparatus was quickly dropped 
into a container of boiling water kept at hand. 

Before the device was used its air-tightness was tested by placing a dead 
mouse at the diaphragm and submerging the whole in water. It was found 
to be perfectly air-tight when operated either by the hand-bulb or by an air- 
line at low or higher pressure. 

For our first experiments the mice were anesthetized with nembutal. But 
later, it was found possible to work with no anesthetic at all. In the latter 
ease, the forefeet of the animal were tied, or clamped together with tongue 


Fig. 1. 


forceps, and the animal held firmly in place by the skin at the back of the 
head. If no anesthetic is used, care must be exercised not to permit the 
animal to bite the rubber diaphragm as the snout is inserted. However, once 
in position, our mice usually offered little resistance and often could be left 
unattended for several minutes. 

The efficacy of the apparatus described was tested with the virus of St. 
Louis encephalitis, and also with Friedlander’s bacillus. In the case of the 
virus, 5 test groups of 5 mice each were tested, all the animals used being of 
the ordinary white laboratory variety and weighing approximately 20 gm. A 
2 per cent virus suspension by weight, made by triturating one whole infected 
mouse brain without abrasive in a mortar, adding diluent and centrifuging, 
was used. For the first test the suspending fluid employed was nutrient broth. 
Later twice filtered (through Berkefeld V and W candles) human saliva, which 
had proved negative for bacterial or viral growth by cultivation and animal 
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passage, was substituted. Saliva may be obtained in large quantities, and was 
found to preserve the St. Louis virus in higher titer than either broth or 
physiologic saline solution of the same pH. About 1 ¢.c. of the material was 
sprayed into the chamber and the rodent allowed to breathe thereof for five 
minutes. Sixty-eight per cent of the mice so treated developed the typical 
symptoms of this form of encephalitis, tremors, convulsions, prostration, with 
fatal outcome in six to eleven days. Microscopic examination of preserved 
brain tissue revealed the perivascular accumulation of round cells and nerve 
cell degeneration characteristic of the disease. 


Fifteen white mice in all in 3 series of 5 mice each were inoculated with 
a very heavy suspension of Friedlander’s bacillus in sterile saliva. These mice 
showed an average mortality of 73.3 per cent. The low fatality (40 per cent) 
for the last test may possibly be attributed to the fact that the strain used 
had been kept for some time on artificial media, whereas that of the other 2 


tests had undergone recent animal passage. 


The detailed results for these two series of tests are incorporated in 
Table I. 


TABLE I 


RESULTS OF INHALATION OF St. Louis Virus AND FRIEDLANDER’S BACILLUS BY MICE 


ANES- waa DAY OF PERCENTAGE 


NO. OF MICE 


INOCULUM IN TEST ING TO 
HETIC EL MORTALITY 
GROUP MEDIUM INOCULUM 
Virus of St. Louis 5 Nembutal Broth 2 2° @. 23 40 
encephalitis 5 None Saliva 4 80 
§ None Saliva 3 6, 7, 9 60 
5 None Saliva 4 80 
5 None Saliva 4 80 
Total 25 ae 68 
Friedlinder’s ba- 5 None Saliva 5 2, 3, 2, 3, 3 100 
cillus 5 None Saliva 4 2, 2, 3, 3 80 
5 None Saliva 2 4, 40 
Total 15 11 


*Found dead and partially devoured. 


SUMMARY 


An apparatus for spraying the nasal passages of mice is deseribed. The 
device has been found safe and has been used successfully with suspensions 
of the virus of St. Louis encephalitis and of Friedlainder’s bacillus. 
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AN IMPROVED CAPSULE FOR ASCERTAINING VENOUS PRESSURE* 
H. Morrow Sweeney, New LA. 


HE glass,’ metal,” and celluloid*® capsules previously devised for the indirect 

ascertainment of venous pressure have undesirable characteristics, among 
which are the lack of adaptability and difficulty of sealing, which handicap 
their routine use. The rubber-celluloid capsule described below eliminates 
many of these shortcomings. Air-tight skin contacts can easily and quickly 
be made over smooth or irregular surfaces which will withstand pressures up 
to 100 mm. of Hg with a minimum of skin distortion and no abnormal pressure 
on the vein. Its construction is simple and inexpensive and the same capsule 
can be used repeatedly without repair. No special lighting is required and 
readings are easily made which agree within 1 em. of water with simultaneous 
direct puncture measurements. 


Fig. 1.—A, Inner surface of top disc; B, inner surface of bottom disc; C, upper surface 
of complete capsule; D, complete capsule with projections for strap attachments. The dimen- 
sions given above have been found most suitable for the average hand. Solid black represents 
cemented surface; cross-hatched represents cemented surface on opposite side; diagonally- 
lined represents celluloid. 


A 


The capsule is constructed as follows: Two washer-like dises of rubber 
(bieyele inner tubing) with extensions, as shown in Fig. 1A and B, «re 
roughened and cemented together on their margins as indicated. The edges 
of the wider extension of B are brought up and around the narrower one of A 
and cemented to form the side tube as shown in @. A dise of celluloid 1% 
inches in diameter is roughened on its margins and cemented over the opening 
in the upper dise. Ali of the outer surface of the lower dise is roughened for 
cementing the capsule to the skin. Regular cold-patch rubber cement is used 
for assembling the capsule and sealing it to the skin. Both the capsule and 
the skin are coated with cement and allowed to dry before putting the capsule 
in place. Because of the large surface for making the skin-capsule seal, skin 


*From the Laboratory of Physiology, School of Medicine, Tulane University of Louisiana. 
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distortion is reduced to a minimum. By virtue of the same characteristic plus 
the flexibility of the capsule and congruity of the two dises, rapid and perfect 
sealing is obtained in about thirty seconds. 


The modified Capsule D is used where extremely high pressures are en- 


countered, such as those in the foot with the body in the upright position 
(1,000-1,200 mm. HeO). The straps are joined snugly around the foot and 
become tight at the high pressures and prevent the capsule and skin from 
moving away from the vein and thus falsely giving it the appearance of being 
collapsed. Krogh and others* developed a calibrated spring clamp for this 


purpose when using an all-celluloid capsule. 
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AN IMPROVED GLASS METABOLISM CAGE FOR SMALL ANIMALS* 


Epwin P. Laue, Pu.D., anp Herperr O. Catvery, Pu.D.. Wasutnatonr, D. C. 


URING the course of our experiments it was found necessary to keep the 


animals out of contact with metal. Two types of glass cages have been 


described in the literature,!? both of which depended on a wooden frame to 
support the glass parts. Such wooden frames, while light, are easily contami- 
nated with urine and feces, and offer harboring places for vermin. Further- 
more, they are subject to warping, with possible breakage of glass parts when 
heat sterilized. We have, therefore, designed a light metal framework which 
may be copper, aluminum, or galvanized iron, suitable for supporting one to 
three unit cages, 814 inches long, 64% inches wide, and 5% inches high. The 
construction of a three-unit cage is illustrated in Fig, 1. 


The metal frame consists of four horizontal channel strips, each 241% 
inches long (1 inch wide for the top, and 14% inches wide for the bottom) 
riveted to two flanged end plates and two intermediate baffles, 934 by 7 inches. 
The two bottom horizontal channel strips are drilled with holes 12.5 mm. from 
center to center and large enough to hold 7 mm. glass tubing for the floor 
of the cage. This gives a spacing of 5.5 mm. between the glass tubes sufficient 
to allow feces to drop through. <A vertical row of holes spaced 13 mm, from 
center to center is drilled approximately 15 mm. from each side edge of the 
end plates and intermediate baffles. These are large enough to hold 5 mm. 
glass tubing on the horizontal for the front and back walls. This gives a 
Spacing of 8 mm. between the glass tubes. The fact that the horizontal tubes 
are placed 15 mm. from the edges of the plates makes it impossible for the 


*From the Division of Pharmacology, Food and Drug Administration, U. S. Department 
of Agriculture. 
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animals to reach through and touch the metal channel pieces. The sides of 
each individual eage are glass plates 6 by 814 inches set off from the inter- 
mediate metal baffles and end metal plates approximately 15 mm. in order to 
prevent the animal from coming in contact with them. The glass plates are 
held in place by sliding them between 7 mm. glass tubes supported in the 
horizontal channel pieces. They are prevented from falling through the bot- 
tom of the cage by resting on 10 mm. glass tubes supported in the bottom 
horizontal channel pieces. The cover of each cage is a glass plate 954 by 75% 
inches which rests on the glass plate sides and top horizontal tubes. It is 
held in place by the metal frame of the cage unit, and the animal is kept from 
pushing it up, either by the top of the rack shelf into which the frame slides, 
or by weighting. 

When the glass tubes have all been installed, they are secured on the 
ends of the cage by flanged metal cover plates, and on the sides by slightly 
smaller channel strips which slide into and fasten to the horizontal strips. 


yer 


Fig. 1. 


This type of construction has the particular advantages that none of the glass 
parts are held rigidly, no ends are exposed, and it can be easily sterilized. 
Enough play is allowed so that no breakage can result from strains due to 
slight distortion of the metal frame. To allow for variations in tube sizes, 
all holes are drilled approximately 0.5 mm. larger than the tube desired and 
if breakage does occur, replacements are easy. 

For collection of urine and feces, Pyrex baking dishes, 814% by 11 inches, 
are placed under each cage. When it is desired to separate urine and feces, 
a grating of glass tubing, similar in construction to that of the floor of the 
eage, held in a frame somewhat larger than the dish, and resting directly on 
it, will serve. Water bottles for each cage are held in place by a metal spring 
clamp secured to the top horizontal channel on one side. 
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THE USE OF COLLOIDAL IODINE AS A MODIFICATION 
OF THE GRAM STAIN* 


Don CHaumers Lyons, M.S., D.D.S., Pa.D., Jackson, Micu. 


HE usual Gram stain consisting in the use of aniline gentian violet or 

earbol gentian violet, iodine solution, ethyl aleohol, and a counterstain such 
as eosin is satisfactory in most instances. Many microorganisms, however, do 
not stain readily, particularly in the presence of organic material such as one 
finds in thick smears taken from body effusions and especially those from 
the mouth. 

Gram’s modification of Lugol’s solution consisting of sublimed iodine (1 
gm.), potassium iodide (2 gm.), distilled water (300 ¢.c.), does not have suf- 
ficient penetrating power to completely fix the cell walls of many types of 
microorganisms or their morphologic variants. This may be due to the fact 
that the solvent KI does not readily give up iodine to the microorganism. 


In order to bring about a reaction between the bacteria and the stain, 
iodine must be in the most active state; therefore the ideal solution is a con- 
stant water solution. Iodine in the form of sublimed erystals goes into solution 
in water very slowly, requiring days or even weeks to produce a saturated 
water solution. 

Water at room temperature dissolves elemental iodine to the extent of 
only about 3 parts in 10,000 and being a poor solvent, readily releases iodine 
to organic matter. For this reason colloidal iodine is an ideal source of iodine 
for the Gram stain because no solvent stronger than water is present. It is 
a finely divided pure iodine held in suspension in water in excess of the point 
of saturation. Pure iodine in this state can replace iodine lost from the solu- 
tion, thus keeping the solution constantly saturated, so that in this modification 
of the Gram stain the suspended particles constantly replace the iodine taken 
from the solution by organie matter. This permits a complete satisfaction of 
the iodine fixing powers of the microorganisms. 

The solubility of colloidal iodine as compared to the crystalline form is 
readily understandable. A saturated water solution of iodine ordinarily re- 
quires several days for formation from ordinary crystalline iodine, due to the 
slight solubility of iodine (0.03 per cent at 20° C.). In the case of colloidal 
iodine the production of a saturated solution is instantaneous.t 

A 1 per cent suspension of colloidal iodine is prepared and substituted for 
the usual Gram’s iodine solution in the routine of this staining procedure as 


outlined in the Manual of Pure Culture Study of the Society of the American 
_ "Authorized Publication, Michigan State College, East Lansing, Michigan, as Journal 
article No. 201 n. s. 
Received for publication, May 8, 1936. 
‘Chandler, W. L., and Miller, E. L.: Colloidal Iodine, J. Phys. Chem. 31: 1091, 1927. 
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Bacteriologists (ed. 5, lv, 34-9). This modification is particularly valuable in 
staining Treponema microdenteum in smears taken from the oral cavity or throat. 
Likewise, Borrelia vincenti and Treponema macrodenteum take a clearer and 
deeper stain, differentiating them from their surroundings and making it pos- 
sible to demonstrate distinctive characteristics so important in the study of 
spirochaetaceae. 


ACETONE SOLVENTS FOR ROMANOWSKY STAINS* 
DANteL M. Kinestey, Pu.D., M.D., New Oreans, La. 


INTRODUCTION 


_— IRDING to modern authorities on staining technic, the use of acetone 
as a solvent for Romanowsky stains is to be avoided. The two types of 
stain most utilized, represented by Wright’s (1902; 1910) and Giemsa’s (1904; 
1907), both contain methyl aleohol. MacNeal (1922; 1925), whose tetrachrome 
stain has been considered one of the most scientific yet devised for blood, 
likewise uses methyl alcohol as a solvent. 

Directions for preparing any of these stains contain such admonitions as 
these: 

**. .. Purchase the powders . .. and dissolve 0.3 gram in 100 ¢.c, of special acetone-free 
methyl aleohol.’’ (Kolmer, Boerner and Garber, 1931, for the American Society of Clinical 
Pathologists. ) 

‘*Tf the stain is prepared ... by dissolving the powdered stain in alcohol it is necessary 
to use glassware chemically clean and methyl aleohol for staining purposes that is acetone- 
free.’’ (Nicholson, 1930.) 


Conn (1929) in a general review of modern knowledge of the chemistry of 
Romanowsky staining, counsels: 


As stated above, the precipitated compound dye must be dissolved in methyl alcoliol; 
but there are many grades of methyl aleohol and not all are equally suitable for the purpose. 
Apparently absolute purity is not needed; but two points are very important; the methy! 
aleohol must be neutral in reaction, and it must be free from acetone. 


Stains used at present require a technic in which so many variable factors 
coexist that the action of the solvent does not lend itself readily to investiga- 
tion. In a series of over 260 experiments on Romanowsky stains, a systematic 
study of solvents was conducted. Some of the findings indicated that a more 
volatile fluid might have certain advantages over methyl aleohol. Among the 
liquids tried, acetone was discovered to be entirely suitable. On the whole, 
it proved superior to methyl alcohol as a solvent for Romanowsky stains. 

Its use was therefore proposed in a stain (Kingsley, 1935) which is sat- 
isfactory not only for blood smears but also for most types of hemopoietic 
tissue preparations, including frozen sections. Furthermore, since the final 


*From the Department of Anatomy, Louisiana State University Medical Center. 
Received for publication, May 10, 1936. 
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stain is a single buffered solution, it was easy to maintain the dye concentra- 
tions at a uniform value and change the solvent at will. Thus, it became 
possible to evaluate the réle of the solvent in the total staining effect. 


HISTORICAL 


The historic aspects of this problem are closely related to the development 
of knowledge concerning blood stains, and an adequate presentation cannot 
be entered into here. Reference to Conn’s (1929) chapter on compound stains 
will be helpful. 

Careful examination of the original publications of the investigators whose 


stains are in common use today fails to reveal any statement specifically in- 
validating the use of acetone. On the contrary compilation of data from a 
number of papers dealing with blood stains revealed that the splendid results 


obtained with acetone solvents had been noted by several workers. 

The first investigators to obtain Romanowsky effects mixed separate 
aqueous solutions of methylene blue and eosin just before use, as Romanowsky 
(1890; 1891) himself had done. Malachowski (1891) discovered simultane- 
ously with Romanowsky the same valuable staining effects and also learned 
that replacement of ordinary methylene blue by a polychromed solution yielded 
satisfactory results consistently. He employed separate aqueous solutions of 
polychromed methylene blue and eosin, as did Rosin (1898), Nocht (1898, 
1899), and Ziemann (1898). 

Further investigation showed that the active stain was a compound dye, 
which was then separated by Reuter (1901) and Leishman (1901) as the in- 
soluble eosinates of the basie dyes present in polychromed methylene biue. 
The precipitate was dissolved in aleohol, and the solution used as a fixative, 
water being added just before staining. Reuter recommended absolute ethyl 
alcohol while Leishman followed Jenner (1899) in employing pure methyl 
alcohol as the solvent. Leishman laid no special emphasis on the grade of 
methyl alcohol and later (1904) agreed with Tulloch (1904) that methylated 
spirit was as satisfactory as pure methyl alcohol. Wright (1902; 1910), who 
modified Leishman’s stain slightly, likewise attached no significance to the 


purity of the methyl aleohol. 

Reuter (1902) was the first one to stress a particular quality of methyl 
alcohol as desirable. In discussing Leishman’s stain, he wrote, p. 843: ‘‘ Espe- 
cially valuable for hastening the staining process is the use of that excellent 


solvent, methyl aleohol (acetone-free, purissim., Merck).’’ 

At this early period Michaelis (1901 b), under the influence of Paul 
Elirlich and Giemsa, under the direction of Nocht, began to apply to blood 
Staius contributions already made by chemists in the purely chemical studies 
of methylene blue and its derivatives. Michaelis’s stain was essentially like 
Nocht’s. Giemsa’s first (1902 a, b) solvent was quite similar, but the stain 
differed from those of all previous workers in containing the basic dyes in a 
purified state. These dyes were weighed out accurately instead of being em- 
ploved in unknown, variable amounts in the form of polychromed methylene 
blue solutions. Two aqueous solutions were mixed, one containing azure II 
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(equal parts of methylene blue and azure A), and the other, eosin. The ac- 
tively staining substances were formed only after mixing these two solutions. 
The preparations required previous fixation, as in all technics in which the 
dye solvents are not likewise fixatives. 

Although Giemsa was acquainted with the advantages of Leishman’s 
method, he did not find methyl alcohol a suitable solvent until he added to it 
an equal part of glycerin. Without the glycerin, Giemsa (1902 b) had pre- 
viously been unable to keep the purified azure-eosin in solution, even though 
he used the purest, acetone-free methyl alcohol. This is his only statement 
indicating that acetone might in some way be detrimental for blood staining. 
But the inference is more probable that acetone-free aleohol designated a pure 
grade of alcohol, rather than that acetone itself is harmful. This conclusion 
is substantiated by more recent statements of Giemsa (1935). In 1904 Giemsa 
simplified his stain by dissolving the powdered azure II eosin in equal weights 
of methyl alcohol and glycerin, a ratio which was changed to three parts of 
aleohol to one of glycerin in 1907. 

The only other stain to be presented was that of MacNeal (1922; 1925), 
although he offered nothing new in regard to the solvents. His studies were 
directed, quite successfully, toward the problem of the dyes necessary for 
Romanowsky staining and led to the tetrachrome stain, which is used in 
methyl aleohol like Wright’s. Only in his most recent formula does MacNeal 
(1925) specify acetone-free methyl alcohol as the solvent. 

Actual references to the necessity for using acetone-free methyl alcohol 
are therefore extremely few and seem entirely incidental, with no particular 
emphasis laid on this point by the originators of the various methods. The 
textbook authors have apparently stressed this point unduly. On the other 
hand, there are in the literature several positive statements about the ad- 
vantages of acetone in the solvent. 

Michaelis (1899) was the first to advocate the use of acetone in a blood 
stain. His studies resulted in a stain which did not give Romanowsky effects, 
but the solvent contained 35 per cent acetone. He thought that acetone pre- 
vented precipitation of the dyes and facilitated the staining of the neutro- 
philic granules. Later, Michaelis (1901 a) recommended a stain much like 
Jenner’s (1899). Very soon after, however, Michaelis became cognizant of 
Bernthsen’s (1885) work in the chemistry of the basie dyes necessary for 
Romanowsky stains, and applied it (1901 b) immediately to the production 
of a new stain, in an aqueous solvent. 

While Giemsa (1902 b) mentioned acetone at first in only a derogatory 
way, he utilized it later (1910) when he advocated a rapid technic similar to 
Leishman’s. In this method he fixed with his stock solution diluted one-half 
with methyl] alcohol, then stained by adding water. Tucked away at the end 
of his article, he made this very significant statement, p. 2476: 

One can also dilute the stock solution with acetone (puriss., Merck or Kahlbaum) insted 
of methyl aleohol. The various plasma granules are then especially well brought out. How- 
ever, because of its low boiling point (56°), acetone is hardly to be recommended for use 
in warm climates, 
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The solvent, when this rapid technic with acetone was employed, consisted of: 


Glycerin 12.5 parts 
CH,OH 37.5 parts 
Acetone 50.0 parts 


Giemsa never developed acetone as a solvent, although Schilling-Torgau 
(1913) diluted Giemsa’s stain with an equal part of acetone to obtain an ex- 
cellent blood and parasite stain, with good keeping qualities. Pappenheim’s 
(1911) ‘‘panchrom’’ stain also contained acetone. 


During the World War, when the French supply of Giemsa’s stain was 
exhausted and could not be replaced, a group of French investigators under- 
took the preparation of their own stains. Among others developed, two are 
pertinent to the present discussion because of their acetone content. Cara- 
georgiadés (1918) used this solvent: 
99 per cent CH,OH 8 parts 
Glyeerin (30°) 1 part 
Acetone 1 part 


Jonesco-Mihaiesti’s (1918) solvent was as follows: 


Glycerin 17 parts 
CH,OH 74 parts 
Acetone 9 parts 


Finally, it is interesting to note that Jagic (1906) found acetone to be an 
excellent fixative for blood smears. Giemsa (1935) also mentioned its use for 
this purpose. 

MATERIAL AND METHODS 


The dyes and reagents employed, including the buffer solutions, have al- 
ready been described (Kingsley, 1935). The dyes were certified National 
Aniline and Chemical Company products, and the reagents were all of the C.P. 
grade. An analytical balance weighing to 0.0001 gm. was used. Complete 
solution of the dyes in the solvents described often takes six to twelve hours, 
but should not be hastened by heating, although several hours in a 35° C. 
incubator is permissible. Caution must be exercised to prevent evaporation, 
especially of the acetone. 

The stains were tried on blood smears made in the usual manner and fixed 
in methyl aleohol for periods varying from one-half minute up to several 
hours. Some of the stains were also used on fixed bone marrow sections and 
touch preparations, as well as on frozen sections. The staining technic has 
already been given (Kingsley, 1935) and consists merely in flooding fixed slides 
with the stain, and then washing off the stain with a current of distilled water. 
Tissue sections underwent a differentiating process. Microscopic examination 
with the oil-immersion lens determined the efficacy of the stains in producing 
Romanowsky effects. To facilitate color differentiations of this nature, it is 
helpful to have a strong yellowish light, which is better than bluish light or 
daylight. 
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EXPERIMENTS 


The experiments to be described are part of a large series undertaken to 
determine systematically the dyes requisite for Romanowsky staining, the réle 
of each in the production of a given color effect, and the relationship of the 
solvent to the final results. A full report will appear in another paper. At 
this time, only a few examples of those experiments in which acetone solvents 
were used successfully will be described. 

Attempts were first directed to the production of a single staining solution 
which would be stable and always ready to use by merely pouring it onto a 
fixed slide. This single solution contained water, a buffer, and methyl alcohol, 
as solvents for the necessary dyes. Among other observations, it was noticed 
that many stains which were poor in general, were quite satisfactory at the 
edges of the slides. In this region of the preparation, the staining fluid dif- 
fered in no respect from that anywhere else on the slide, since a single fluid 
had been prepared previously. Physically, however, conditions at the edges 
of the slide are different from those existing away from the borders, because 
the depth of the fluid layer is less at the margins than elsewhere. This was 
noted to result in the formation of a metallic-appearing precipitate (consisting 
of the eosinates of methylene.blue, azure A, and violet), considerably earlier 
at the edges than anywhere else on the slide. This condition seemed to be a 
result of the thinness of the fluid layer at this region, which facilitated the 
evaporation of the methyl! aleohol and left a relatively high water concentra- 
tion in this region. 

On the basis of this reasoning, a fluid which would be more volatile than 
methyl alcohol should allow a lower initial concentration of dyes to be present, 
thus decreasing the tendency to precipitation when water is present; yet, by 
rapid evaporation, a satisfactory dye concentration should be obtained. 

Acetone seemed to possess the desired physical attributes and was there- 
fore tried, with excellent results. Several formulas follow. In these, the dyes 
are listed in grams and the solvents in cubic centimeters per 100 ¢.c. of final 
stain. 

It ts possible to prepare a good stain which contains no methyl alcohol 
whatsoever, but has acetone instead, as in the following stain: 


Acetone 60 ee. 
Glycerin D ¢.c. 
Buffer pH 6.9 35 
Methylene blue 0.040 gm. 
Methylene azure A 0.015 gm. 
Methylene violet 0.007 gm. 
Eosin, yel. 0.040 gm. 


A very rapid, excellent stain is prepared by the following formula: 


SOLUTION A SOLUTION B 


Water 40 Acetone 35 
Buffer pH 6.9 10 e.e. CH,OH 10 ec. 
Methylene blue 0.070 gm. Glycerin § ex. 
Methylene azure A 0.025 gm. Methylene violet 0.018 gm. 

Eosin, yel. 0.065 gm. 


Mix equal volumes of A and B to obtain the stain. 
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The dyes are kept in two separate solutions because the eosinates of the basic 
dyes precipitate when the solvent contains water. Adjustment of the solvent 
constituents, however, enables preparation of single staining solutions usable 
for over a year (see below). The arrangement of the dyes and solvent sub- 
stances into the two groups shown is based on a large series of experiments 
which are described in detail in another paper. For the present discussion, 
it is of interest to note that acetone is a better solvent than methyl alcohol 
for methylene violet, which is an important component of any good Roman- 
owsky stain. 
Comparison of stains in which acetone replaces part of the methyl alcohol 
with those lacking any acetone is given by the two pairs of stains which follow: 
Key No. 
SOLUTION A 
Glycerin 
* Alcohol 
Water 2i 30 40 40 
Buffer é 10 10 10 


Blue 0.065 0.065 0.030 0.030 
Azure 0.010 0.010 0.005 0.005 


SOLUTION B 

Violet 0.013 0.013 0.010 0.010 
Eosin 0.045 0.045 0.050 0.050 
Glycerin 5 

* Aleohol 10 50 50 

* Acetone 35 
Minutes 7 10 6 
Results excellent excellent — excellent good 


It is evident that the acetone-containing stains act more rapidly than those 
without acetone. To obtain equally satisfactory results, the stains lacking 
acetone require a longer staining time. In No. 147 above, for example, six 
minutes is not sufficient to obtain a satisfactory stain, but eight minutes yields 
results equal to those given by No. 145 in four minutes. 


Although the above stains all slowly precipitate after mixing, because of 
their water content, the following formula demonstrates that even after mix- 
ing Solutions A and B, the final stain may be kept for at least thirteen months, 
ready for use by merely flooding fixed slides with it. 

SOLUTION A SOLUTION B 

Glycerin 5 e.e. Glycerin 5 et. 
CH,OH 5 ce. CH,OH 10 ee. 
Water 25 c.e. Acetone 35 
Buffer pH 6.9 15 c.c. Methylene violet 0.010 gm. 


Methylene blue 0.065 gm. Eosin, vel. 0.036 gm. 
Methylene azure A 0.010 gm. 


Mix equal volumes of A and B before use. 


The best general stain prepared in these experiments has a slightly greater 
quantity of methylene violet and of eosin. <A brief explanation of it has al- 
ready appeared (Kingsley, 1935). 

Finally, acetone was tried as a solvent for certified Wright’s blood stain. 
It was found to be a poor solvent for the powdered stain, resulting in a very 
dilute solution which must act on slides for about twenty minutes to get sat- 
isfactory results. But when 10 to 30 per cent of acetone was added to an 
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ordinary methyl alcohol solution of Wright’s blood stain, and an extra minute 
or two allowed for staining to compensate for the dilution of the stain, excel- 
lent stains were obtained. 


CONCLUSIONS 


Difficulties which have not previously been analyzed have led to erroneous 
conclusions concerning the constituents of Romanowsky stains. Among others, 
acetone has been included as a detrimental substance. Actually, as the present 
report demonstrates, acetone is useful as a solvent for blood stains, and in 
some respects is superior to methyl aleohol. With a given dye concentration, 
it permits more rapid staining than does methyl aleohol. In addition, it is a 
better solvent for methylene violet, which is a necessary constituent of any 
good Romanowsky stain. 

The purest grade of methyl alcohol is also acetone-free. But experiments 
on the participation of solvents in the staining process indicate that the con- 
centration of water is the most important variable in the solvent, and not the 
presence of acetone. Indeed, in the stain advocated as best for general use, 
acetone constitutes most of the nonaqueous portion of the solvent. 


REFERENCES 


Bernthsen, A.: Studien in der Methylenblaugruppe, Ann. Chemie 230: 73, 1885. 


Carageorgiadés, H.: Deux colorants neutres pour la méthode panoptique de préparation 
facile et rapide, Compt. rend. Soe. de biol. 81: 925, 1918. 

Conn, H. J.: Biological Stains. A Handbook on the Nature and Uses of the Dyes Em- 
ployed in the Biological Laboratory, ed. 2, 1929. Commission on Standardization 
of Biological Stains, Geneva, New York. 

Giemsa, G.: Fiarbemethoden fiir Malariaparasiten, Centralbl. f. Bakt., I. Abt. 31: 429, 
1902 a. 

Giemsa, G.: Fiarbemethoden fiir Malariaparasiten, Ibid. 32: 307, 1902 b. 

Giemsa, G.: Eine Vereinfachung und Vervollkommung meiner Methylenblau-Eosin- 
Firbemethode zur Erzielung der Romanowsky-Nochtschen Chromatin-farbung, 
Ibid. 37: 308, 1904. 

Giemsa, G.: Beitrag zur Firbung der Spirochiite pallida (Schaudinn) in Austrich- 

praiparaten, Deutsches med. Wehnschr. 33: 676, 1907. 

G.: Ueber eine neue Schnellfirbung mit meiner Azureosin-lésung, Miinchen. med. 

Wehnschr. 57: 2476, 1910. 

Giemsa, G.: Ueber eine bemerkenswerte Fehlerquelle bei der fiirberischen Darstellung der 
Schiiffner-Tiipfelung, Ibid. 82: 1075, 1935. 

Jagic, N.: Ueber Azetonfixierung von Blutpriparaten, Wien. klin. Wehnschr. 19: 587, 1906. 

Jenner, L.: A New Preparation for Rapidly Fixing and Staining Blood, Lancet 1: 370, 
1899. 

Jonesco-Mihaiesti, C.: Nouvelle formule d’une solution panchromatique pour la coloration 
du sang et des Protozoaires, Compt. rend. Soc. de biol. 81: 1088, 1918. 

Kingsley, D. M.: A New Hematological Stain. I. Constituents and Methods of Use, Stain 
Techn. 10: 127, 1935. 

Kolmer, J. A., Boerner, F., and Garber, C. Z.: Approved Laboratory Technic, Am. Soe. 
Clin. Path., Appleton, 1931. 

Leishman, W. B.: A Simple and Rapid Method of Producing Romanowsky Staining in 
Malarial and Other Blood Films, Brit. M. J. 2: 757, 1901. 

Leishman, W. B.: Note to article by Tulloch, 1904. 

MacNeal, W. J.: Tetrachrome Blood Stain: An Economical and Satisfactory Imitation 
of Leishman’s Stain, J. A. M. A. 78: 1122, 1922. 

MacNeal, W. J.: Methylene Violet and Methylene Azure A and B, J. Infect. Dis. 36: 538, 
1925. 

Malachowski, E.: Zur Morphologie des Plasmodium malariae, Centralbl. f. klin. Med. 12: 
601, 1891. 

Michaelis, L.: Eine Universalfiirbemethode fiir Blutpriiparate, Deutsches med. Wehneschr. 
25: 490, 1899. 

Michaelis, L.: Ueber die Methylenblau-Eosinfairbung, Ibid. 27: 127, 1901 a. 

Michaelis, L.: Das Methylenblau und seine Zersetzungsprodukte, Centralbl. f. Bakt., I. 

Abt. 29: 763, 1901 b. 


Giemsa, 


F 


KINGSLEY: ACETONE SOLVENTS FOR ROMANOWSKY STAINS 531 


Nicholson, D.: Laboratory Medicine, 1930, Lea & Febiger. 

Nocht, Dr.: Zur Firbung der Malariaparasiten, Centralbl. f. Bakt., I. Abt. 24: 839, 
1898. 

Nocht, Dr.: Zur Farbung der Malariaparasiten, Ibid. 25: 764, 1899. 

Pappenheim, A.: ‘‘Panchrom,’’ eine Verbesserung der panoptic Universalfarblosung fiir 
Blutpriiparate jeder Art nebst Ausfiihrungen iiber metachromatische Farbstoffe und 
die metachromatische Potenz des polychromen Methylenblau (Unna), Folia haemat. 
11; 194, 1911. 

Reuter, K.: Ueber den fiirbenden Bestandteil der Romanowsky-Nochtschen Malariaplas- 
modienfiirbung, seine Reindarstellung und praktische Verwendung, Centralbl. f. 
Bakt., I. Abt. 30: 248, 1901. 

Reuter, K.: Weitere Beitriige zur Malariaplasmodienfirbung mittels A-Methylenblau- 
Eosin, Ibid. 32: 842, 1902. 

Romanowsky, D.: Zur Frage iiber den Bau der Malariaparasiten, Wracz, 1890, pp. 1171 ff., 
Russisch. Ref. by Rothert in: Centralbl. f. Bakt., I. Abt. 10: 163, 1891. 
Romanowsky, D.: Zur Frage der Parasitologie und Therapie der Malaria, St. Petersb. med. 

Wehnschr. 16: 297 and 307, 1891. 

Rosin, H.: Zur Fiarbung und Histologie der Nervenzellen, Deutsches med. Wehnschr. 24: 
615, 1898. 

Schilling-Torgau, V.: Note, Folia haemat. 15: 162, 1913. 

Tulloch, F.: An Alternative Solvent for Leishman’s Stain, J. Roy. Army Med. Corps 3: 
166, 1904. 

Wright, J. H.: A Rapid Method for the Differential Staining of Blood Films and Malarial 
Parasites, J. Med. Research 7: 138, 1902. 

Wright, J. H.: Revised Directions for Making and Using the Wright Blood Stain, J. A. 
M. A. 55: 1979, 1910. 

Ziemann, H.: Eine methode der Doppelfairbung bei Flagellaten, Pilzen, Spirillen und 
Bakterien, sowie bei einigen Amében, Centralbl. f. Bakt., I. Abt. 24: 945, 1898. 


AN EVALUATION OF THE TAKATA-ARA REACTION 
FOR DIAGNOSIS OF LIVER CIRRHOSIS* 


R. O. Bowman, Pu.D., AND R. S. Bray, M.D.. Provipence. R. I. 


YEAR ago we began using the Takata-Ara reaction as described by 
Heath and King! as an additional laboratory procedure in the study of 
gallbladder and liver disease. After a short experience with the test we were 
not convinced that it was of much value. This report contains our data on 
the test as applied to liver disease and many other cases selected at random 


from a general hospital. 


METHODS 


The Takata-Ara test was carried out according to the directions given by 
Heath and King,’ using six test tubes. Results were expressed according to 
their criteria: a strong positive reaction (44+) has complete precipitation 
in at least one tube or flocculation in five tubes, a positive reaction (++) has 
almost complete precipitation ‘in one tube or flocculation in three tubes, a 
weakly positive reaction (+) has a minimum of flocculation in one or two 
tubes, a questionable reaction (?) has only questionable flocculation, while a 
negative reaction (—) has no flocculent precipitate in any tube. The test was 
read sixteen to twenty-four hours after setting it up. 


For the majority of the cases, serum was used from whole blood allowed 
to clot. In some cases oxalated plasma, free from hemolysis, was used. 


Protein determinations were done by the Bowman? method, icterie index 
by colorimeter comparison of serum, suitably diluted with physiologic saline, 
with a 0.01 per cent solution of KeCr207. 


RESULTS 


We have 21 cases on which a diagnosis of cirrhosis of the liver was made. 
These are given in Table I. Unfortunately only three eases in this group had 
the diagnosis confirmed by autopsy. Of these, two gave a positive (++) reac- 
tion and one gave a weakly positive (+) reaction. With clinically diagnosed 
cirrhosis of the liver we have 11 strongly positive (+;+) reactions on 8 eases, 
6 positive (++) reactions on 6 cases, 9 weakly positive (+) reactions on 4 eases, 
4 questionable (?) reactions on 4 cases, and three negative (—) reactions on 
2 eases. 

According to Crane* only the strongly positive (+++) reactions are sig- 
nificant. If so, then our three autopsied cases did not give a positive reaction, 
and on the clinically diagnosed cases only 8 out of 24 determinations gave a 
positive test for cirrhosis. Though it is possible that some of the latter group 
did not have cirrhosis of the liver, the failure of the test on the autopsied cases 
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is significant, and our results are not in accord with those of Heath and King,} 
Ragins,* and Crane* in this country, and numerous European workers, refer- 


ences to which are given by Crane*® and Jezler.® 


Ragins* has noted a correlation of the test with icteric index in cirrhosis. 
A glance at Table I shows that we have obtained strongly positive reactiens 


with icteric indices of 5 to 140, and in Case 7 the reaction remained strongly 
positive while icteric index fell from 140 to 36. In this group and also in the 
others to be shown later we can establish no relation to the icteric index of 


the serum. 


Ragins* was unable to find a correlation of the test with albumin, globulin, 


albumin to globulin ratio, while others*®* have noted that the positive 


TABLE I 


CASES DIAGNOSED AS CIRRHOSIS OF THE LIVER 


| SERUM | | 


| AGE PROTEIN TAKATA-| ICTERIC A/G 
CASE | DIAGNOSIS 
| SEX | GM./100; ARA INDEX | RATIO 
| | 3S Biliary type cirrhosis, ? intrahepatic “(C)* | 140 | 
| obstruction 5.8 +++ | 64 | 
43 M |Fever and convulsions, ? cirrhosis (C)! 7.0 ? | 
| 40 M |Ascites, hypertension, atrophic biliary (C)| 4.7 t+ | 
| cirrhosis 5.3 +++ 5 
16 | 48 M | Diabetes mellitus, portal cirrhosis (C)| 3.8 ? 3 1.3 
| 4.1 ~ 6 1.9 
| 6.4 - 3 
M |Portal cirrhosis + | 
| 


60 M |Cardiovascular disease, ? portal cir- (C) 6.6 | ? 


rhosis | 6.5 4 | 
40 | 65 Atrophie portal cirrhosis: (A)| 5.7 + 
64 | 64 M|Laénnee cirrhosis, esophageal varices (C)| 5.7 +++ | 
| 44 | +44 
67 | 66 M |? Cholelithiasis, ? biliary type cirrhosis (C) | 64 


| 60 F ‘Laénnee cirrhosis (C)| 5.3 


| 
| 42 9 
98 | 68M Portal cirrhosis 6.8 8 
101 | 69 M [Portal cirrhosis (A)| 4.9 
| “60 M |Portal cirrhosis (C) 
_ 121 | 59 M (Cardiovascular disease, ? cirrhosis (C) | 
‘7 | 68 M |Cardiovascular disease, ? portal (C)| 5.0 | ++ | 5 | | 
rhosis 49 | +++ 6 
? 
Duodenal ulcer, portal cirrhosis. (C)|— + | 
6.6 t+ 6 
“150 | |Gardiovascular disease, portal cirthosis (A)| 40 | | 
_165 | 64 F | Ascites, obesity, ? cirrhosis (C)) 47 ++ | 6] 
_168 54 M Portal cirrhosis (C) 65 |+++ | 18 0.3 
_171 M|Portal cirrhosis = | ++ 
_172| 50 M|Portal cirrhosis | 67 [+++ | 


*(C), clinical diagnosis; (A), autopsy diagnosis. 


| 6.2 : ob 
6.1 + | 31 
| 6.5 + 61 
5.1 62 | 
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reaction correlates well with inversion of the A/G ratio. We were interested 
in finding whether the Bowman? method of total protein determination would not 
be a more satisfactory procedure to apply, since it takes less time and has the 
advantage of measuring quantitatively an important constituent of serum. 
Albumin to globulin ratios were not run routinely, but a few determinations 
have been done which help to explain those cases in which the Takata-Ara 
reaction does not vary with the total protein value. 

The normal total protein of serum is 6.0 to 8.0 gm. per 100 ¢.c.5 When this 
is decreased the fall is usually in the albumin fraction because the smaller 
albumin molecule is more easily lost by the kidney, and globulin is maintained 


TABLE IT 


Noncirruotic CASES WITH (+++) TAKATA-ARA 


SERUM 


case | sex | | 
C.C. 
44 37 F |Stone in common duct (O)*|" 6.7 | +44 78 
52 43 M |Luetic hepatitis, rheumatic heart dis- (C) $44 10 
ease 
57 42 M nephritis, pulmonary tubereu- 5.0 | +++ 4 
osis 
60 44 M |Amebic abscess of liver and lung (A)| 44 | 44+ — 
71 65 M| Unexplained splenomegaly (C) 5 
80 62 F |? Carcinoma of cecum (C)} 4.2 bot 4 
3.6 5 
102 51 F |Rheumatic heart disease, ascites, hy- (C) 57 | +44 25 
poglycemia 6.5 +44 12 
104 17 M |Nephrosis (C)| 4.0 +++ 4 0.6 
112 17 F |Nephrotie stage of nephritis (C)} 2.0 | +++ ? ae 
119 51 M /|Gastrocecostomy, malnutrition, tuber- (A) 3.9 +++ 
culous peritonitis 
122 49 M |Multiple myeloma (A) 6.6 rey 1 | 02 
123 47 F |Cholecystitis and cholelithiasis (O) 4.7 +++ ir coh 
126 64 M |Chroniec alcoholism, chronic pleurisy, ? (C) 16 
hepatitis 
150 18 M|Chronie glomerular nephritis (C)| 3.6 6 | 06 
152 40 M|Tuberculous peritonitis (O) 4.7 | +++ 
156 49 F (Giardiasis, ? catarrhal jaundice (C) | +++ 6 os 
170 53 F |Cardiovascular disease, edema, uremia (C)! 5.5 | +++ = oa 


*(C), clinical diagnosis; (A), autopsy diagnosis; (O), operative diagnosis. 


at a normal level in malnutrition while albumin decreases. Thus, a fall in 
total protein (in the absence of infections, bone disease, or sometimes liver 
disease) means a fall in the albumin fraction and a decreased A/G ratio. 


In Table I, twelve of the results have a normal serum protein. Only two 
of these have strongly positive Takata-Ara, one of which has a low A/G ratio 
and the A/G ratio was not determined on the other case. Of the low total 
protein values, seven have a strongly positive Takata-Ara reaction, six have 
positive reactions and of the remaining three, two were shown to have A/G 
ratio greater than 1.0. Case 137 shows that a strongly positive Takata-Ara 
reaction with protein of 4.9 gm. per 100 c.c. became questionable after treat- 
ment that raised the serum protein to 6.1 gm. per 100 c.c. 


om 
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In Table II are given 17 cases diagnosed other than cirrhosis of the liver, 
which gave strongly positive Takata-Ara reactions. Some of these cases may 
have had functional derangement of the liver, such as would interfere with 
formation of serum proteins; others have deficiency of serum protein because 
of loss through the kidneys; Case 119 has inadequate absorption of protein 
foods, and Case 152 has toxie destruction of protein. Three cases here have 
normal serum protein and one of these, a case of multiple myeloma, has been 
shown to have a low A/G ratio. Gros® has also shown that the Takata-Ara 
reaction may be positive in multiple myeloma because of change in the A/G 
ratio, though total protein is high. 

In Table III, 23 cases without cirrhosis, that have positive Takata-Ara 
reactions, are listed. Here again, only three cases show normal total protein, 
two of which would be expected to have a low A/G ratio, though this has not 
been proved. 


TABLE IIT 


NoncirrHotic Cases WITH (++) TAKATA-ARA 


SERUM 
cask | Spx DIAGNOSIS ana | | 
~ | 50 M|Pulmonary carcinoma with metastases (A)* 8 
__6 | 43 F |Chronic cholecystitis (O) ++ 8 
12 62 F |Myxedema, angina pectoris (C) ++ 3 
13. | 36 M |Obstructed bile ducts after cholee 5.9 | ++ | 130 
cystectomy 
67 M|Cachexia, nonfilling gallbladder (C) ++ 8 
43 51 M |Hypertension, coronary thrombosis  (C)| 4.9 | +4 7 
52 | 43 M|Luetic hepatitis, rheumatic heart (C)| 9 
ease 
~ 54 | 29 F |Pyosalpinx (C)| 5.0 | +4 6 
56 | 12 F |Nephrosis (C)| 3.5 ++ 3 0.5 
65 | 57 M|Diabetes, proteinuria ++ 3 
70 | 20 F |Unexplained fever, colitis (C) ++ 
~ 76 | 76 M |Diabetiec gangrene of foot (C) ++ 
88 | 49 M|Hypertensive heart disease (C)| 4.7 5 
90 | 51 M/|? Toxic hepatitis, ? cholecystitis (C)| 6.4 110 
| 54 M |Adenocarcinoma of rectum (A) +4 
| 14 M|Acute glomerular nephritis (C)} 5.0 ++ 3 
| 83 M |Benign prostatism, proteinuria (O) 6 
124 | 66 F |Acute cholecystitis (C) ++ 5 
~ 125 6 M |Nutritional anemia (C) 6.1 ++ 7 
| 75 M |Hydrocele (O) ++ 10 
16 46 F |Chronie glomerular nephritis (C)| 65 | ++ 12 
_156 | F |Giardiasis, ? eatarrhal jaundice (C) 50 
_167 | 50 F |Fibroids, arthritis (C) ++ 5 


*(C), clinical diagnosis; (A), autopsy diagnosis; (O), operative diagnosis. 


In addition, we have 28 cases without cirrhosis, showing weakly positive 
Takata-Ara reaction, 59 cases showing questionable reaction, and 24 cases 
showing a negative reaction. Average total protein values for the noncirrhotie 
groups are as follows: strongly positive reaction (Table II), 4.74 gm. per 
100 ¢.c.; positive reaction (Table IIT), 5.31 gm. per 100 ¢.c.; weakly positive 


536 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


reaction (protein on 16 cases), 6.34 gm. per 100 ¢.c.; questionable reactior. 
(protein on 26 eases), 6.50 gm. per 100 ¢.c.; negative reaction (protein on 7 
cases), 7.6 gm. per 100 e.e. 
CONCLUSIONS 


After a survey of our results on 21 cases of liver cirrhosis, and 151 eases 
which were diagnosed other than cirrhosis of the liver, on which more than 
200 Takata-Ara reactions were determined, we feel that the test is not sig- 
nificant enough to be of value in the clinie as an additional laboratory proce- 
dure. Ragins* has noted the incidence of positive reactions in eclampsia, 
carcinoma of the liver, infections and endocrine disturbances. We have found 
the test, depending as it does on the proteins of serum primarily, is not con- 
sistent with any clinical diagnosis. A much more valuable procedure, and one 
which quantitatively measures the changes of an important constituent of the 
serum, is the Bowman? method of serum protein determination. Where facili- 
ties are available this may also be extended to inelude determinations of the 
albumin to globulin ratio, in cases where total protein is normal. Myers and 
Keefer’? have shown that the A/G ratio is mainly of use in liver disease, as 
in other disease, to explain peripheral edema. 


SUMMARY 


In our hands the Takata-Ara reaction gave positive results in a large 
number of cases other than cirrhosis of the liver in which the total protein 
was low or the albumin to globulin ratio was low. 


The reaction was not strongly positive in three cases of liver cirrhosis 
confirmed by necropsy. 
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ACETONE DETERMINATIONS BY AN ACUTE AND SIMPLE 
DIAPHANOMETRIC METHOD* 


Cart LANGE, M.D., Bertin, GERMANY 


HE generally used method for the determination of acetone in blood and 

urine is the iodometric method of Messinger-Huppert which gives excel- 
lent results, when applied to the determination of pure acetone solutions. In 
blood and urine this method, which may be used when large amounts of 
acetone, at least 5 mg. per cent, are present, fails, however, if the acetone con- 
centration is as small as the normal content. This is the reason why the nor- 
mal values for acetone are very unreliable. 

The iodometric method is valuable only when the acetone concentration is 
about 5 or 10 mg. per cent, an amount which is so much higher than the 
amount normally present, that the result will not be influenced by the un- 
avoidable error of 1 to 2 mg. per cent. For the determination of large amounts 
of acetone as found in medium or high degrees of acidosis, this method, on 
account of its simplicity and reliability, will be the one chosen. 

Much more specific, although not entirely so, is the acetone reagent of 
Scott-Wilson,! an alkaline solution of mereurieyanide and silver nitrate, an 
improvement of the Marsh-Struthers? reagent. 

Scott-Wilson adds to the urine 25 per cent anhydrous sodium sulphate and 
] per cent sulphurie acid. The steam of the distillation in a second distillation 
flask is washed with strong alkali to free it of phenols, volatile fatty acids and 
sulphur compounds. It is then brought directly into the mereury reagent 
through a condenser. After the liquid in the distillation flask starts to boil, 
the distillation is continued for ten minutes longer. Twenty cubie centimeters 


of reagent are used for every milligram of acetone expected. Acetone in 
small concentration of 0.5 mg. causes a prompt formation of a precipitate. 
Seott-Wilson collects and washes this precipitate and finally titrates its con- 
tent with thiocyanate. 


The original method of Scott-Wilson in our as well as in Marriott’s* hands 
did not give as good results as the author claims. The error seems to be 
caused by the slight solubility of the precipitate so that substantial losses may 
occur during washing. This is avoided in the turbidimetric methods of Mar- 
riott® and Folin-Denis,® which therefore gave much better results. The tur- 
bidimetrie method has the advantage over the gravimetric that precipitate may 
be used even if it is not absolutely insoluble in the washing solution, with 
Which the precipitate would otherwise be treated. 

The fact that the turbidity is greater if the acetone is distilled directly 
into the Seott-Wilson reagent, than if the reagent is added to the distillate, is 
of utmost importance for this method. Using the direct distillation, 0.01 mg. 
in 100 ¢.c, will give a distinct turbidity, while the turbidity is about 10 times 


*Received for publication, April 16, 1936. 
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weaker if the reagent is afterward added. It is obvious that the resulting 
suspension has to be homogeneous to get accurate results. This can only be 
accomplished by distilling rather small amounts of acetone, so that it is 
necessary to do a preliminary estimation. Amounts of acetone larger than 
0.5 mg. cause such a rapid precipitation that it is impossible to measure 
turbidity caused by direct distillation accurately. The optimal amount of 
acetone is about 0.1 mg., which is found to be the average amount in 100 c.c. 
of normal urine. 

A difficulty which has not so far been solved entirely satisfactorily is the 
nature and the preparation of the standard solution used to compare the 
turbidities. 

Folin and Denis are using a standard acetone solution which, although it 
seems to be most logical, has disadvantages. Since in Folin’s procedure the 
reagent is added to the distilled acetone, much too large amounts of material 
are required (about 100 to 200 ¢.c. of blood, 500 ¢.c. of urine). On the con- 
trary by distilling the acetone into the reagent a strong enough turbidity is 
produced by the use of 10 ¢.c. of normal blood (since 0.03 to 0.05 mg. of 
acetone can still he measured accurately). But in this modification the Folin 
and Denis standard acetone solution cannot be used, because the reagent has 
to be added to it afterward. The turbidity obtained is more than about 10 
times too weak. It also seems as if this standard solution is not stable on 
standing and must be restandardized from time to time. It would be better 
to distill with each test in a second distillation apparatus a known amount 
of acetone as standard.* An aqueous mastic solution is quite suitable. The 
preparation of it is simple. Ten cubie centimeters of a 10 per cent alcoholic 
mastic solution are run slowly, while shaking, into 500 ¢.c. of distilled water, 
30 ¢.c. of a 30 per cent solution of gum arabic are added and water up to 
100 ¢.c. It is best to let this solution stand for a few months, to allow im- 
purities to settle out. After centrifugation a stock solution is obtained which 
is homogeneous and remains constant. By dilution of the stock solution a 
standard solution may be prepared which is constant for a few days only. 
The stock solution is the same as the one used in the turbidimetric determina- 
tion of the proteins in spinal fluids.® 

The standardization of this solution is quite simple. An acetone solution 
the concentration of which was determined by the Messinger-Huppert method 
is distilled into the Scott-Wilson reagent and the resulting turbidity com- 
pared with the mastic standard. It is preferable to standardize so that thie 
mastic standard equals exactly 0.1 mg. acetone in 100 ¢.c. By using the 
mastic standard it is possible to compare a freshly distilled acetone solution 
with the unknown, without distilling the standard acetone every time. 


The error caused by the comparison of a newly distilled acetone solution 
with an older one is thus eliminated. The procedure for the acetone detcr- 
mination is quite simple. One hundred cubie centimeters of normal urine 
which has to be protein-free are acidified with 1 ¢.c. of 25 per ceut 
sulphuric acid in the distilling apparatus as described by Scott-Wilson. It is 


*This complication may be avoided by the use of a permanent standard solution fixed 
once and for all against a known amount of distilled acetone. 
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unnecessary to add 25 per cent sodium sulphate. The water which is dis- 
tilled during the distillation is replaced at about the same rate by means of a 
dropping funnel. The receiver, a graduate cylinder, contains 20 e.c. of Seott- 
Wilson reagent in which the end of the vertical condeuser is immersed. From 
the onset of the boiling the distillation is continued for ten minutes. The 
turbid mixture in the receiver, usually about 80 ¢.c., is then filled to the 100 e.e. 
mark and compared with the naked eye with a mastic standard in a graduate 
of the same size and diameter 

A special turbidimeter is unnecessary because the naked eye is well able 
to distinguish differences. It is obvious that the unknown is not compared 
with a single standard but with a series representing 0.01, 0.03, 0.05, 0.01, 0.03, 
0.05, 0.1, 0.2, 0.8 mg. acetone in 100 ¢.c. One is able to guess to intermediate 
value very accurately. The method will give its best result with acetone amounts 
of about 0.05 to 0.1 mg., such as is found normally in 100 ¢.c. of urine; 0.2 mg. 
per cent are quite rarely found, and 0.3 mg. per cent are certainly not normal. 
An inerease of acetone up to 0.3 mg. per cent or even to 0.5 mg. per cent can- 
not be deteeted by the iodometrie method since the unspecificity of this method 
causes an error of 1,000 per cent or more. 

Blood is deproteinized according to Folin with tungstie acid, after coagula- 
tion has been prevented with fluoride. One hundred cubic centimeters of the 
filtrate corresponding to 10 ¢.e. of blood are used, the procedure being similar to 
the one with urine. The normal values which for urine are close to 0.1 mg. per 
cent are not as constant in blood: values between 0.1 and 0.5 mg. per cent are 
found. The 0.03 mg. per cent acetone which is found in the average in 10 e.e. 
of blood can be estimated with the naked eye quite accurately; smaller 
amounts are less easy to estimate. The specificity of the Scott-Wilson reagent 
is very high, but not an absolute one. Sources of error may occur in the urine, 
while they are not observed in the blood. An infection of the urine by bac- 
teria will prohibit the determination by either method. High acetone values are 
found though the Legal test was negative, which certainly are false. Since the 
Legal test is not very reliable, a control is advised. The urine is acidified and 
boiled until all the acetone is eliminated. After addition of 2 mg. per cent 
acetone the Legal test is repeated, which should now be positive. Urine may 
contain a substance which inhibits the Legal test even if 6 to 8 mg. per cent 
of acetone are added. 

Formie acid, formaldehyde, acetaldehyde are substances which will react 
with the Seott-Wilson reagent and which cannot be eliminated with security 
by washing the steam through boiling alkali. Acetaldehyde may be destroyed 
before the acetone is distilled, although this is unnecessary, because its pres- 
ence will not influence the clinical interpretation of the test. It is different 
with formaldehyde which after urotropin medication will cause totally er- 
roveous results. The presence of formaldehyde and also of formic acid may 
often result in a black reduced precipitation instead of a milky suspension of 
the Scott-Wilson acetone compound. Urine which causes such erroneous 
results should be discarded and more importance laid upon the blood deter- 
mination. However, small deviations from the normal, as encountered in 
urine of sugar-free diabetics, are more easily found in the acetone value of the 
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urine. Oxybutyric acid in urine as well as acetone and oxybutyrie acid in 


blood, do not show those small deviations so well. It is therefore very im- 
portant to keep the urine sterile. The commonly used urine preservatives are 
not very efficient. Acidifying the urine with sulphuric acid was found the best, 
but then only the total acetone can be determined and the separate determina- 
tion of acetone and acetoacetic acid is impossible. The daily output of acetone 
in urine was found in the normal to be between 1.2 and 2 mg. 

It is advisable to estimate the acetone content of one or more urine frac- 
tions on several days to find a very small deviation of the normal. If the 
amount -of the daily output is wanted, it is better to determine the freshly 
voided urine separately than to collect the full twenty-four-hour urine. An 
increase of the acetone concentration up to 0.2 to 0.3 mg. per cent seems to have 
more importance than the determination of the total daily output. It is 
obvious that the increase of acetone after fasting, as it occurs in normal per- 
sons, has to be accounted for. A tolerance test may be based on this fact. 


DISCUSSION 


The described method may be designated as a diaphanometrie one, accord- 
ing to Mestrezat,?’ who wished to emphasize that the turbidity by means of the 
naked eye may be compared with a series of standard turbidities. The use 
of optical instruments may be dispensed with, since the differences of 0.05, 
0.1, 0.2, 0.3 mg. in the range of magnitude of 0.03 to 0.3 mg. per cent acetone 
can be distinguished very sharply with the naked eye. If greater amounts 
of acetone have to be determined as in the determination of oxybutyrie acid 
according to Schaffer-Marriott or in pathologic increased acetone excretion, 
the method will not give as good results. The turbidimetric method of Folin 
or the iodometric method of Messinger-Huppert is preferable here. The 
urine would have to be diluted so much that the error of dilution would alter 
the results considerably. <A principle which distinguishes the turbidi- and 
diaphanometric methods from the volumetrie or gravimetric method is the fact 
that the turbidity methods require a certain optimal dilution of the unknown, 
0.1 mg. per cent in the one described here and 0.5 mg. per cent in Folin’s 
method. It is an advantage that these methods allow one to determine such 
small amounts accurately, but in severe pathologic conditions it might limit 
the use of the method. The turbidity methods are the less accurate when 
more acetone is present, while with the volumetric or gravimetrie methods, 
the contrary is true and reliable results are obtained if more than 20 mg. 
per cent acetone are present. The diaphanometrie method with the direct dis- 
tillation seems to be therefore the method of choice for the acetone determina- 
tions in blood and urine in the normal range of magnitude; this is a concentra- 
tion of 0.05 to 0.3 mg. per cent. The iodometriec method will totally fail here 
and the method of Folin would need much more material to start with. but 
variations of 20 times the lower acetone concentration may occur in this range 
of magnitude not to be measured by any of the other methods. The method 
may be applied to urines with a negative Legal acetone test (a concentration 
below 1.7 mg. per cent acetone). Acetone amounts of 3 to 20 mg. per cent 
which in urine will give a weak Legal reaction may be determined best by 
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Folin’s method, especially if a mastic standard instead of an acetone standard 
is used. The determination of oxybutyric acid according to Shaffer-Marriott 
in normal blood and urine will also give values in this range of magnitude. 
The iodometric method is the one of choice for the determination of high 
acetone amounts such as over 20 mg. per cent. If this method is applied aec- 
cording to Messinger-Huppert the error of about 1 mg. per cent caused by the 
unspecificity of the reaction may be disregarded in urines of such high con- 


centration. 
SUMMARY 


The iodemetric acetone determination in blood and urine according to 
Messinger-Huppert is not suitable for very small acetone concentrations. 

The normal total acetone content of urine is about 0.1 mg. per cent. The 
daily excretion is about 1.5 to 2 mg. The error caused by the unspecificity of the 
iodometrie method is about 1 mg. per cent, a multiple of the normal value. 

The mereury reagent of Scott-Wilson is much more specific. Unreliable 
results in urine may be caused by the action of bacteria or by medication. The 
turbidimetrie acetone determination with the Scott-Wilson reagent gives better 
results than the volumetric mercury determination with thiocyanate. 

The direct distillation of the acetone into the Scott-Wilson reagent causes 
a turbidity about 10 times stronger than the addition of the reagent to the dis- 
tilled acetone solution. This procedure is therefore better suited to the deter- 
mination of the very small amounts of acetone found normally or in a de- 
creased acetone excretion. 

A constant standard is described which is not only more reliable than one 
freshly prepared each time but also simplifies the determination considerably. 

In the determination of normal or slightly increased acetone concentra- 
tions an optical instrument is unnecessary. The naked eye is quite sufficient 
for correct reading: diaphanometry. 

For values of 3 to 20 mg. per cent the turbidimetric method of Folin and 
Denis is the best, while values above 20 mg. per cent are determined most 
accurately by the iodometrie method. 
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DEPARTMENT OF REVIEWS AND ABSTRACTS 


Rosert A, KiLpuFFE, M.D., ABSTRACT EDITOR 


UNDULANT FEVER, Diagnosis of, Keller, A. E., Pharris, C., and Gaub, W. H. J. A. M. A. 
107: 1369, 1936. 


The data presented from a study of 29 cases agree with those reported by Huddleson 
and his associates for individuals who are either in the active stage of undulant fever or 
who have recovered from brucella infections and in persons who are living or working 
under conditions of exposure to this group of organisms. 


The results of the intracutaneous and the opsonocytophagic tests in a group of forty- 
four patients with a wide variety of febrile and nonfebrile conditions indicate that the 
tests are probably specific for brucella infections. In one patient in this series a diagnosis 
of undulant fever was made by means of these tests. In all but two patients, who had 
agglutination titers of 1:20 and 1:40, these tests were negative. 

In evaluating the three tests as to their usefulness in the diagnosis of undulant fever, 
the results obtained indicate that the agglutination test is most dependable in patients who 
are in the active stage of the disease or who have recently recovered. In individuals who 
have been infected with brucella the agglutination test may or may not be positive. Un- 
der these conditions results obtained from the examination of serums from groups of indi- 
viduals to determine the incidence of undulant fever would not be reliable. It is also pos- 
sible that in patients suffering from other diseases a low titer agglutination may be 
obtained which may be suggestive of infection with brucella but which is not diagnostically 
significant. 

The intracutaneous test is probably the most dependable procedure in determining 
an allergic state resulting from brucella infection. It was positive in each of the four 
patients with undulant fever and in twenty-nine, or 5 per cent, of 576 persons living or 
working under conditions favorable to infection with brucella, while only one of the forty- 
four patients diagnosed originally as having conditions other than undulant fever showed 
a positive skin test. The intracutaneous test indicates a state of allergy resulting from 
infection with brucella and may be used as an epidemiologic procedure to determine the in- 
eidence of brucella infection. A positive skin test may indicate infection or may be found 
in an individual who has been infected but who has developed an immunity to brucella. 

To determine the immunity status of individuals, the opsonocytophagic test may be 
employed in conjunction with the intracutaneous test. The absence of marked phagocytic 
activity of the polymorphonuclear leucocytes in a patient with a positive skin test indicates 
infection and a lack of immunity. The presence of marked phagocytic activity would in- 
dicate either a developing or an established immunity. If marked phagocytic activity 
and a positive skin test are demonstrated in a patient with fever, it is likely that the fever 
is due to some disease other than undulant fever. These tests, therefore, may be used as 
valuable aids in differential diagnosis. 

The results of these observations indicate that the intracutaneous test may be used 
to determine a state of allergy resulting from brucella infection. This test alone may be 
useful in determining the presence of infection with brucella in individual patients or the 
incidence of this infection in groups of the population. However, it gives no indication 
of the immunity status of the patient. This may be determined by means of the opson0 
eytophagic test. It is possible with the use of these two tests to determine whether indi- 
viduals are susceptible, infected or immune with regard to undulant fever. 
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This discussion presents the authors’ experience up to the present time with these 
procedures. Further studies are planned in order to confirm the observations represented 
in the data covered in this paper. 


TINEA INFECTIONS, A Rapid Cultural Method for the Diagnosis of, Blumenthal, F. L., 
and Snow, J. S. J. A. M. A. 107: 1367, 1936. 


A deep hanging drop slide was washed thoroughly, allowed to dry and flamed. Cover 
slips were kept in an alcohol-ether solution and were dried by being put in the flame. 
With a sterile loop a small drop of medium was then carefully placed in the center of the 
upturned cover slip, serapings or hairs were added, and the cover slip was quickly turned 
over and put in place on the slide. If only a small amount of medium was used it would 
remain suspended in the center of the ring and not run around the margin. The cover slip 
was then sealed in place with melted paraffin applied to the edges with a heated knife 
blade. The preparation was incubated at room temperature and examined twice a day with 


the microscope. 


The formula for the medium follows: 

Crude maltose of Chanut 4 gm., peptone of Chassaing 1 gm., and distilled water to 
make 100 e.e. 

Of the forty-eight cases of tinea infection studied, direct microscopic examination 
demonstrated mycelial filaments or spores in 33 per cent. 


Culture of Sabouraud’s agar medium gave a positive growth in 64 per cent of the 
cases in an average time of 6.1 days. 

The hanging drop culture method described in this paper showed a positive growth in 
72 ver cent of the cases in an average time of 1.8 days. 


The hanging drop culture was found to be the most useful laboratory aid in the diag- 
nosis of tinea infections, not only because it is dependable but also because it is simple, 
inexpensive and requires a very short time to demonstrate growth of the organisms. 


RENAL TUBERCULOSIS, Greenberger, A. J., and Greenberger, M. E. Quart. Bull. Sea- 
view Hospital 1: 43, 1936. 


Of 500 (tuberculous) cases necropsied by the authors evidence of tuberculous infee- 
tion of the kidney was found in 252, miliary tubercles being found in 228 or 45.6 per cent. 


From their experience the authors conclude that: (a) the presence of tubercle bacilli 
in the urine signifies a lesion in the kidney; (b) that a tuberculous kidney lesion may heal 
providing it is a nondestructive miliary lesion and does not occur as a terminal hematog- 
enous dissemination from extensive organ tuberculosis elsewhere. True clinical renal tuber- 
culosis does not heal; (¢) in bilateral renal tuberculosis, if an early lesion is present in the 
so-called ‘‘ good kidney,’’ the more diseased kidney should be removed; (d) the bladder 
picture is only of diagnostic aid in advanced cases: early renal tuberculosis rarely presents 


bladder involvement. 


AGRANULOCYTOSIS: The Effect of Amidopyrin Upon the Red, White and Polymorpho- 
nuclear Blood Cells of a Series of 100 Patients, Rawls, W. B. Am. J. M. Se. 192: 
175, 1936. 


Exclusive of 4 patients who developed agranulocytosis, there was no appreciable 
change in the white blood cell counts or polymorphonuclear counts of 100 patients who 
were given amidopyrin daily for prolonged periods. 


There was a significant increase in the red blood cells. 

Agranulocytosis developed in 1 per cent of 400 patients who were given amidopyrin 
medication. 

It is concluded that amidopyrin does not produce hematologic changes, except in 
certain isolated cases where there is probably an idiosyncrasy toward the drug. 
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LEPROSY, An Investigation Into the Thick Blood-Drop Method of Diagnosis in, Clouston, 
T. M. Med. J. Australia 11: 430, 1936. 


The following method was tried in 73 cases: 

The blood was taken from the apparently normal thumb or finger. The first drop was 
wiped away and a thick drop preparation was then made. This was then dried in air, 
under glass covers, dehemoglobinized in distilled water, and again dried as before. The 
film was then stained by the Ziehl-Neelsen method, 5 per cent sulphuric acid being used 
for decolorization. Counterstaining was carried out with aqueous methylene blue for 
three minutes. 

This method is not claimed as original, but it is claimed that it is adequate to dem- 
onstrate acid-fast bacilli if any are present, since 14 out of 18 nodular cases investigated 
gave positive results. 

Two films only out of 34 from patients with fairly active cutaneous infections who 
showed also neural involvement were after prolonged search found to contain but few 
acid-fast bacilli; none was found positive out of 21 films obtained from patients with in- 
active or very mild neural infections, ten obtained from suspects and eight from children 
of lepers. 

It is claimed that this method is proved to be of no practical use in the detection of 
early or latent leprosy. 


VITAMIN D, Estimation of, in Blood Serum, Warkany, J. Am. J. Dis. Child. 52: 832, 
1936. 


The following conclusions were drawn from animal experiments: 

After oral administration of 0.1 ¢.c. of viosterol (100,000 U.S.P. units) to rabbits 
there is an elevation of the vitamin D level within six hours. After twenty-four hours 
the maximum, generally a level of 1,000 rat units (2,700 U.S.P. units) per hundred cubic 
centimeters, is reached. This value is maintained for from three to four days. The content 
then slowly decreases and after from four to six weeks returns to normal. 

No influence of ether anesthesia, starvation or fever on a high vitamin D level can 
be demonstrated. 

Elevation of the vitamin D level after administration of 0.1 ¢.c. of viosterol (100,000 
U.S.P. units) occurs without change of the phosphorus, calcium, or phosphatase content of 
the blood or of the phosphatemie curve. For demonstrating changes of the vitamin D 
content in the normal animal direct estimation seems more sensitive than the chemical 
methods. 

After oral administration of 1 ¢.c. of viosterol (1,000,000 U.S.P. units) values as high 
as 20,000 rat units (54,000 U.S.P. units) per hundred cubie centimeters of blood serum 
were found. 

In forty-eight estimations of the vitamin D content in normal human blood serums, 
values of from 17 to 50 rat units (from 45.9 to 135 U.S.P. units) per hundred cubic 
centimeters were found, with an average value of 36.7 rat units (99.09 U.S.P. units). 


LYMPHOGRANULOMA INGUINALE, The Use of Standardized Mouse Brain Antigen for 
the Performance of, the Frei Test, Grace, A. W., and Suskind, F. H. J. A. M. A. 107: 
1359, 1936. 


Lymphogranulomatous mouse brain antigen prepared and standardized according to 
the method described by the authors possesses none of the disadvantages of human pus 
antigen for the performance of the Frei test. 


Ninety-five specimens of the authors’ lymphogranulomatous mouse brain antigen and 
41 specimens of commercial lymphogranulomatous mouse brain antigen were employe’! for 
a series of 17] tests in 50 individuals who were known to have had lymphogranulow it- 
guinale. 
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The same antigens were also used in 128 persons who never had lymphogranuloma in- 
guinale for a group of 241 control tests. One hundred and eighty-three tests were carried 


out in subjects both with and without lymphogranuloma inguinale with antigens made from 


normal mouse brain. 


A typical positive reaction resulted from every test with lymphogranulomatous mouse 


, brain antigen in subjects with lymphogranuloma inguinale in which the erythematous 


papule produced was never smaller than 7 mm. in diameter, and in 75 per cent of the cases 


was from 7 to 10 mm. in diameter. 


In none of the 424 control tests was a papule produced as large as 7 mm. in diameter. 


The greater number of control reactions (88.6 per cent) showed papules from 1 to 4 mm. 


in diameter. 


The difference between positive and control tests was readily recognizable. The 


use of a control test with normal mouse brain antigen concurrently with lymphogranu- 


lomatous mouse brain antigen was advocated. 


No change was observed to occur in either the authors’ or commercial lymphogranu- 


lomatous mouse brain antigen and normal mouse brain antigen on standing for any length 


of time up to two years after preparation which would make lymphogranulomatous mouse 


brain antigen unsatisfactory material for the performance of the Frei test. 


Consequently, it is felt that standardized lymphogranulomatous mouse brain antigen 


is the most suitable material for the routine performance of the Frei test. 


TRICHINOSIS, The Incidence of, in San Francisco, McNaught, J. B., and Anderson, E. V. 
J. A. M. A. 107: 1446, 1936. 


Digestion of 200 human diaphragms obtained at autopsy in San Francisco from indi- 
viduals ranging from two to eighty-seven years of age revealed 48 (24 per cent) infected 


with Trichinella spiralis. 


Examination of diaphragms from 25 newborn infants gave negative results. 


Living larvae were found in all the positive cases. 


The number of larvae was usually small, being less than 20 to each 50 gm. of muscle 


in 79 per cent of the cases. 


None of the clinical records of the positive cases revealed a definite history of 


trichinosis. 


The highest eosinophile count recorded was 4 per cent. 


The heart muscle from 15 patients with trichinous diaphragms was negative. 


Microscopic examination of stained slides for trichinella is inadequate. 


Since there are no practical methods of inspection for trichinous meat, the consumer 
must assume the responsibility of preventing trichinosis by thoroughly cooking all fresh 
pork. 


DIABETES, Carotenemia in, Hyman, W. J. A. M. A. 106: 2050, 1936. 


The blood serum carotene curves obtained in ten diabetic children after the admin- 
istration by mouth of carotene in oil were distinctly different from those obtained in 
twelve nondiabetic, healthy children and demonstrated that the metabolism of carotene 
is interfered with in diabetes. 


The carotene content of the blood, when it was once increased in the diabetic 
patients, failed to show the normal decline and remained elevated or even kept on in- 
creasing for from ten to fourteen days after the administration of the carotene in oil had 
been discontinued. The analogy with the hyperglycemic reaction after sugar is given by 
mouth to diabetie patients is striking and speaks in favor of assuming that the utilization 
of carotene has been interfered with in diabetes. 


(he diabetic carotenemia can consequently no longer be explained merely by the 
high carotene content of the diabetic diet. 
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SPRUE, Identity of Non-Tropical Sprue, Celiac Diseases and, Hanes, F. M., and McBryde, 
A. Arch. Int. Med. 58: 1, 1936. 


From a detailed study of nine instances of the sprue syndrome the conclusion is 
reached that tropical sprue, nontropical sprue, and celiac disease are identical in their 
etiology. An analysis of the separate components of the sprue syndrome reveals a clinical 
picture which is characteristic, permitting ready and accurate differential diagnosis. 
Prompt improvement follows administration of liver in adequate amounts. 


WASSERMANN REACTION, The Advantages of Vacuum Dried Complement for Use in 
the Routine, Boerner, F., and Lukens, M. Am. J. M. Se. 192: 272, 1936. 


The authors have tested complement dehydrated in vacuum while frozen in the 
Flosdorf-Mudd apparatus and report that complement dehydrated from the frozen state 
and sealed in vacuo (‘‘lyophile’’ complement) when stored in the refrigerator at 8 to 10° 
C. retained its full hemolytie activity and fixability for a period of twelve months. Both 
the complement and hemolysin titrations remained approximately constant over this entire 
period. Thereafter deterioration was detected. This complement has been used in 12,175 
blood and 675 spinal fluid Wassermann tests and has proved in all respects equivalent to 
fresh complement. The authors have discontinued their guinea pig colony because of the 
greater convenience and uniformity of this type of complement. 


AZOTEMIA, Further Studies on, Following Hemorrhage in the Digestive Tract, Alsted, G. 
Am. J. M. Se. 192: 199, 1936. 


It is demonstrated that for days after hemorrhage in the digestive tract increased 
blood urea values are generally observed. Of 26 patients suffering from hematemesis and 
melena, absolutely increased values (i.e., above 50 mg. per cent) were found in 13, while in 
9 other patients values between 39 and 50 mg. per cent were observed; in 4 patients only 
no increase above 38 mg. per cent was found. 

In 1 of the patients blood urea was found to be increased up to 216 mg. per cent, 
and he died four days after admission, with uremic symptoms, without any apparent or- 
ganic renal affection. At the same time, however, there was a heavy reduction of urea 
clearance and a very low blood pressure; for this reason the theory is advanced that the 
observed increased blood urea at least partly is due to a functional reduction of the renal 
function, caused by the low blood pressure. 

In order to investigate whether the increase of blood urea found in the slighter 
eases of intraintestinal hemorrhage might have been due to a similar mechanism, the renal 
function was determined in 4 patients suffering from hematemesis and melena, but in 
these cases no reduction was found. It is therefore assumable that the increase of blood 
urea in these cases is caused by resorption of blood in the intestine and by dehydration of 
the tissues. 


SEDIMENTATION TIME, Relation Between the Suspension Stability of Erythrocytes and 
the Various Constituents of Pathologic Human Blood, Lucia, S. P., Blumberg, T., 
Brown, J. W., and Gospe, S. M. Am. J. M. Se. 192: 179, 1936. 


An analysis of the suspension stability of erythrocytes in 102 cases reveals that the 
sedimentation time is apparently accelerated as the globulin content of the serum increases 
and is retarded as the albumin content of the serum increases. These correlations, al- 
though low in value, are statistically significant. A cause and effect relationship cannot 
be said to exist between an increase in the blood serum globulin and an acceleration in 
the sedimentation time. 

A diminution in the red blood corpuscle count, or an increase in the neutrophile count, 
is associated with an increase in the sedimentation time. 
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